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1 to 13. Dorsal view. 

121 Dorsal view. C. proteus. Fitch type. No. 722. Female, 

14. Fitch type. C. proteus subsp. mgncoltis Var. c. No. 733. 

15, Dorsal view of head, pronotum and scutellum. Fitch type. C. proteus 
subep. nigricoUis var. a. No. 733, 

18. Dorsal view of head, pronotum and scutellum. Fitch type. C. proteus 
subsp. mgricottia var. d. No. 736. 

17. Dorsal view of head, pronotum and scutellum. Fitch type. C. proteus 
subep. maeulicoUis var. a. No. 729. 

18. Dorsal view of head, pronotum and scutellum. Fitch type. C. proteus 

subsp. ei ncticollis var. c. No. 727. ( 

19. Dorsal view. Fitch type. C. pini. No. 719. 

20. Dorsal view. Fitch type. C. proteus subep. flavicolHs var. o. No. 723. 

21. Dorsal view. Fitch type. C. proteus subsp. flavicotlia var, b. No. 724. 

22. Dorsal view of head, pronotum and scutellum. Fitch type. C. proteus 
subep. cmcticoUis var. a. No. 725. 

23. Dorsal view. Fitch type. C. proteus subsp. nigricollis var. b . No. 734. 

24. Dorsal view of head, pronotum and scutellum. Fitch type. C. proteus 
subsp. mocuUcollis var. c. No. 731. 

25. Dorsal view of head, pronotum and scutellum. Fitch type. C. proteus 
subsp. maeulicoUis var. b. No. 730. 

26. Dorsal view. C. testacea. Male. 

27. Dorsal view. C. testacea . Female. 

28. Dorsal view. C. testacea. Fitch type. No. 715. 

29. Dorsal view of head and pronotum, C. pini. Fitch type. No. 721, 
var. b. 

^ 30, 31. Dorsal view. 
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, INTRODUCTION; 

, HISTORICAL REVIEW. 

T HE genus Clastoptera was described by Germar in his Zeit- 
sckrift fur Entomolcfm in 1838, in which he describes Clastop- 
tera xanthocephala and C. achatina. However, Say described Cer- 
copis obtusa in 1825, which later was placed in the genus Clastoptera. 
Fitch in 185?. described three species, pini, testacea and proteus. Of 
the latter he made numerous subspecies and varieties, based on slight 
color variations which arc untenable. For this reason, and also be- 
cause of his system of using Roman numerals and names to desig- 
nate the subspecies, with the varieties under them designated by 
letter but without names, subsequent writers were greatly confused. 
This in part explains the many mistakes which have been made in 
the literati since that time. In 1854 Stal described Clastoptera 
lineatocollis, which, because of the vagueness of his description, in 
its turn has caused considerable confusion. In 1872 Provaneher 
added his share to the general mix-up by writing a description of a 
so-called new species, which he called Clastoptera saint-cyri. Then 
in 1885 he changed this to a variety under the species Clastoptera 
proteus Fitch. 

Certain workers have failed to notice this change and have at- 
tempted to synonymize certain species with saint-cyri, which later 
have proved to be varieties of proteus and not saint-cyri at all. 
Uhler in 1875 described Clastoptera delicata, which in the literature 
has been synonymized in various ways with other forms by all sub- 
sequent writers. In many cases it has been used interchangeably 
with lineatocollis, so that it is very difficult in many treatises to know 
which form the writer in question had in mind. In 1895 Gillette and 
Baker described another species, Clastoptera osbomi, which brings 
us up to Doctor Ball’s paper, published in 1895. To date this was 
by far the most complete paper on the genus Clastoptera. It was 
valuable at this time in that it served as a summary of the recog- 
nized species and varieties. However, as Doctor Ball (1927) him- 
self states, “many mistakes in nomenclature and the interpretation 
of previous descriptions” were made in this paper, due for the most 
part to the “adoption of Fitch’s method of presentation involving 
named subspecies and lettered varieties.” But the writer is of the 
opinion that part of the confusion at that time, as well as at the 

(ll) 
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present time, is due to Doctor Ball's belief that there are only four 
distinct species existing in the United States. The four species which 
he retained in 1895 were Clastoptera proteus , Clastoptera delicata, 
Clastoptera obtusa , and Clastoptera xanthocephala . In 1900 Baker 
published some critical notes on the genus, in which he attempted to 
straighten out the nomenclature. In general his changes were cor- 
rect, especially in regard to making binotata and osbomi distinct 
species instead of varieties. V an Duzee in 1912 described the variety 
tristis , which is still good, and the variety glauca , which, however, 
as Ball pointed out, is synonymous with Fowler's Clastoptera uni- 
color. He likewise made certain helpful criticisms and pointed out 
certain errors in nomenclature made by Doctor Ball, but incorrectly 
synonymizes Clastoptera pini with proteus. Doctor Ball in 1919 
published a second paper on Cercopidae in which lie describes five 
additional varieties. Then in 1920 McAtee published a summary 
of the Cercopidse taken around Washington, D. O., and the speci- 
mens contained in the National Museum collection. In this paper 
three new varieties are described, two by McAtee and one by Gibson. 
Another large systematic paper on the Cercopidae was published by 
Stearns in 1923 in the Hemiptera of Connecticut. Finally in 1927 
Doctor Ball published a revision of the genus north of Mexico, in 
which he still retains his four species and about twenty-five varie- 
ties. 

PURPOSE OF PAPER. 

From the historical account just given it is evident that the 
genus Clastoptera is in a state of much confusion. There is scarcely 
a species or variety in the entire group but what has been confused 
at some time or another with some other form. Moreover, no two 
writers have ever agreed about the various species and varieties. 
For this reason it has been apparent to many workers that a de- 
tailed revision of the genus was necessary. McAtee (1920) states: 

“The classification and nomenclature of this genus is much in need of re- 
vision The principal basis for the existing conception *of the group is Doctor 
Ball’s 1895 paper. This essay was prepared at a time when the proper dif- 
ferentiation of subspecies and varieties of nomenclature, also, were little ob- 
served. No one 19 »*o*e aware of its faults than its author, and it is to be 
hoped Doctor find time to give us a revised glufesification not only 

of this genus but m the whole family.” 

Accordingly in 1927 Doctor Ball published a revision of the 
genus in which he listed all tJ^e forms known to him, and added 
several new varieties. However, the writer felt, since Doctor Ball 
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did not go into the structural details at all except to make a key 
to his four species and gave only brief color descriptions of the 
various forms, that a more detailed treatise based on structural 
studies and drawings of the genus would be useful. Doctor Ball’s 
notes on distribution and food plants are very valuable in supple- 
menting any work based on structural characteristics, but without 
the latter they are inadequate. 

Therefore in this paper the writer has attempted to employ any 
and all structural characters that might possibly be of use in classi- 
fication. Anyone who has worked with this genus will agree that 
it is a very difficult group to classify. Fowler (Biologia Centrali 
Americana) states that the members of this genus are “very variable 
in coloration, and it is almost impossible to distinguish them by de- 
scriptions.” To substantiate his claim he gives the following quota- 
tion from Stal, in the Bidrag till Rio Janeiro, Trahten’s Hemiptera 
Fauna, II, p, 16: “Species hujus generis non nisi coloribus inter se 
differunt, plurin* difficillime distinguunter et diseribuntur; ali« 
igitur certe aliarum tnntum varietates.” To this quotation he adds 
the following statement: “The punctuation and general size and 
shape, however, afford fair characters in some cases.” 

Doctor Ball (1927) makes the following statements: 

“The members of this genus are all small and globose and are easily sep- 
arated from other Cereopida\ but here the ea^y part abruptly ends. . . . 
Under the oireumstances it is manifestly impossible to determine the number 
Of species imolved or to work out a stable nomenclature until extended col- 
lecting and careful life history has been done in the areas involved. . . . 
Some of these units may possibly be further divisible; if so, these divisions 
should also present good structural characters or certain definite and unchang- 
ing color characteristics, or both. Two or three times, during the course of 
the years, the writer has become convinced that some one form or other was 
distinct, only to find later that additional material from some other locality 
or season so thoroughly intergruded as to make it exceedingly doubtful. In 
general, the fewer the specimens the easier it is to believe that a distinct 
species exists.” 

Therefore, because of the difficulty in separating these forms, the 
writer considered it essential to make a study of the following char- 
acteristics: The inflation of the face; the extension of the front 
(tylus) beyond vertex; the width of the eyes as compared to the 
width of the head; the distance between the ocelli as compared to 
the distance between each ocellus and eye; the number and depth 
of the wrinkles on the pronotum; the length and general shape of 
the body, including the inflation of elytra; the margins of the elytra 
*nd the length of the elytron beyond the scutellum; wing venation, 
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including size and shape of the apical callous (bulla) ; the number 
and length of the hairs on the wings; the external genitalia of both 
8ex$s, and the internal genitalia of both sexes where this was pos- 
sible. In addition to these structural differences, oertain color char- 
acters were used, namely, the color of the face and the general color 
pattern of the elytra and pronotum. 

Not all of these characteristics were of equal importance in classi- 
fication of this group. The most commonly used characters were 
the inflation of the face, the extension of the front, the wrinkles on 
the pronotum, the length of the body, size of the apical callous, the 
structure of the inner valve of the ovipositor, the color of the face, 
and, of course, the general color pattern. Of these, probably the two 
most valuable ones were the color of the face and the inner valve 
of the ovipositor. All of the other characters were used at various 
times to distinguish a few species from each other, but none of them, 
except the last two mentioned above and the cplor pattern, were used 
constantly to separate each species from every other species. 
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DISTRIBUTION. 

The genus Clastoptera is well distributed over the United States, 
specimens having been taken from practically all parte. They have 
also been taken extensively in Canada and Mexico. In fact Fowler 
stated that they were fairly common throughout North, Central and 
South America. Although Doctor Ball (1927) retained only four 
distinct species with twenty-five varieties, the writer cannot follow 
him in this respect. Instead, the writer maintains that there are 
thirty distinct species, with only six varieties. Of these species the 
ones which have the greatest range of distribution in the United 
States are Clastoptera obtusa, C. xanthocephala, and C. proteus var. 
nigricollis. Wherever these are taken they are usually collected in 
fairly large numbers, too. Other species which have been taken in 
large series are C. osbomi, C. delicata, C. lineatocollis, C. arborina, 
C. canyonensia, C. elongata and C. pallidocephala. These, however, 
are apparently considerably limited in range. 

MORPHOLOGY AND TECHNIQUE. 

In order to make the discussion of the genus more complete and 
clear, it might be well to call attention to a few morphological facts 
which have not been mentioned in the following descriptions, and 
to explain the technique used in obtaining certain data and making 
certain drawings. 

In the first place, all descriptions refer to female specimens. The 
males in the majority of cases differ from the females in several 
ways. They are always smaller, although this variation in size 
differs in the different species, some being only slightly smaller than 
the females, as in xanthocephala, while others are considerably 
smaller, as in delicata. Also, in the majority of species the males 
are much darker than the females, and often the front protrudes 
cephalad less than in the females. Secondly, in studying the wing 
venation it was apparent that there is no variation in the venation 
of the hind wing. Therefore this wing was not figured. 

In order to study the wing venation of the elytra they were 
mounted on microscope slides in gum arabic. The drawings were 
made from these slides and therefore might not possibly always 
check exactly with the wings as they appear on the body, since the 
latter have not been flattened out as they have on the slides. In 
studying the hairs of the elytra the slides were again used and &\ 
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drawing of the third anal cell was made, showing the distribution 
of the hairs on that region. By using an eyepiece scale marked off 
into squares, the distribution of the hairs in the various species can 
easily be compared by counting the number found in one square on 
a given part of the elytron. The Comstock-Needham system of 
nomenclature for the veins of the wings was used, based upon Met- 
calf’s (1917) work on the tracheation of the nymphal wing pads. 

The writer found that the external genitalia of both sexes can- 
not usually be used as a superficial characteristic in classification. 
This is due to the position in which they are held on the body. 
Normally they are bent dorsad at more or less of an angle to the 
body and thus are usually too much hidden by the elytra to be 
seen plainly. Therefore, in making the examinations and drawings 
of the genitalia the specimens were first relaxed and the pygofer 
dissected from the body. From an examination of plates it can 
easily be seen that the external male genitalia, except for distinguish- 
ing the larger groups, are of little value. The chief value of the 
external female genitalia lies in the proportional length of the ovi- 
positor and the pygofer. 

The internal genitalia, likewise, proved to be of little value in 
elassifieation of the males, except to divide the species into four 
larger groups, namely proteus, obtusa, arborina, and osborrn groups. 
If certain closely related species are studied side by side in a relative 
way it is usually possible to pick out minor differences, but these are 
difficult to point out and describe. Then, too, mere difference in 
size was occasionally useful. 

The inner valves of the ovipositor fortunately are of great assist- 
ance in determining the species. The variations are not always 
outstanding, but no matter how slight they are they always appear 
to be constant for the species. To prove this, where the material 
was abundant, the writer made from four to six slides of the same 
species from as many localities as possible, and in every case where 
it was at all possible she made at least two slides. For this reason 
she is reasonably certain that the differences in the valves are con- 
stant. The outer valve was used in some cases, since it varies with 
regard to its general shape, the size of the membrane and in its 
relative length when compared with the ninth sternitc. At first the 
writer thfityght there might be some variation in the number of hairs 
on thk» valve which would be a useful taxonomic character, but the 
differences proved to be negligible. The middle valve of the ovi- 
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positor in this genus is also of little systematic importance. At first 
glance it seemed that there were differences in these valves, but 
later investigation did not bear this out, except in a few cases where 
the base was greatly expanded. Perhaps more careful technique 
and study of these valves might reveal other differences. 

DESCRIPTION OF GENUS AND KEY TO SPECIES. 

ORIGINAL DESCRIPTION OF GENUS. 

Kopf gross, stumpg dreieckig, so breit wie der Vorderrucken, Stim 
gewolbt, queers treifig, Scheitel breit viereckig, vom und hinten 
scharf gerandet, die Nebenaugen auf der mitte des Scheitels genahert. 
Schnabel bis an die Hinterbrust reichend, Fuhler in einer Grube und 
der Wurzel der Wangen, sehr kurz, mit langer feiner Endborste. 
Vorderrucken breit am Scheitel vorgezogen and gerundet, bei den 
Augen gebuchtet, von den aber tief ausgerandet. Schildchen ein 
langgezogenes spitzwinkeligcs dreick bildend. Deckschilde lederartig, 
an der Spitze gewolbt, uber einander klapfend, die hintere Randader 
weit von dem Hinterrande entfernt. Flugel hautig, unter den Deck- 
schilden verborgen. 

WRITER’S DESCRIPTION OF GENUS. 

Form, small, globose, although extremely variable in size and color 
markings; head considerably wider than long, with the head and 
anterior part of pronotum at an angle with rest of body; vertex 
extremely narrow, slightly depressed transversely, anterior margin 
usually slightly carinated; ocelli placed midway between anterior 
and posterior margins of vertex, or nearer anterior margin than 
pronotum; eyes broad, on same plane with vertex; front extending 
cephalad beyond vertex in varying degrees, sometimes scarcely 
visible from above, in some forms equal to length of vertex; post- 
dypeus not longitudinally carinated, inflated in varying degrees 
according to species ; antenna inserted in deep cavities between eyes 
and postclypeus ; pronotum convex, broader than long, transversely 
wrinkled, anterior margin broadly rounded, lateral margins diver- 
gent, posterior margin deeply emarginate; scutellum triangular, 
much longer than wide; hemelytra pubescent, convex, deflected 
posteriorly, clavus with apex broadly rounded, corium termina tin g 
in a hyaline membrane, sometimes apical portion of corium also 
more or less hyaline with a conspicuous, usually protruding, callous 
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spot near apex. Posterior tibia with a single terminal row of spines; 
ovipositor and male genital plates usually bent dorsad at an angle 
to feet of body. 
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KEY TO SPECIES, 


Few deep prouotal wrinkles or distinct bands, numbering twelve or less on median 

line ; postclypeus generally greatly inflated | 

Pronotal wrinkles many, usually numbering sixteen to twenty *8 ve along median line* 
indistinct in proteus group, distinct in others ; postolypeus generally moderately or 

slightly inflated, saint -cyn excepted 11 

Elytra fuscous-brown with a distinct, broad, white band across clavus; wrinkles 

numbering eleven or twelve along median line 8 

Elytra without white band; wrinkles or bands less than ten on median line 4 

Fiont longer than vertex; s.zo smaller, between 8.5 mm. and 8.7 mm. 

C. arisonana n. sp., 

Front not more than two-thirds length of vertex; sise larger, between 4 mm. and 

4.6 mm C. lawsoni n. sp.# 

Mostly black in color 6 


Fuscous and brown, stiiped and banded m yellow 8 

Black with white spot midway on costal margin; other hyaline or light markings 

on elytra and face 6 

All black above and below; front as long as or longer than vertex; length 4.6 mm. 

to 4.8 mm j C. sierra n. sp., 

Postclypeus black with five or six pairs of light aics anteriorly; elytra with apex 
brownish -hyaline and without clear hyaline areas around apical callous; length 

8.75 mm. to 4 mm C. binotata n. sp., 

Postclypeus without light arcs; smaller, elytra with more or less clear hyaline areas 

around apical callous 7 

Postclypeus black except for occasionally faint indications on lateral margins. 

C. brunnea Ball (black male), 

Postclypeus with a light band across posterior margin. 

C . Imeatocollts Stal (black male), 
Larger, elongate, measuring 4.5 mm. to 4.9 mm. in length; front usually longer 
than vertex 9 


Smaller, measur.ng between 8.4 mm. and 4.8 mm.; front usually not over two-thirds 

length of vertex 10 

Greenish -yellow or sometimes washed m fuscou* with white veins in sharp contrast, 

C. delicata Uhler, 

Bronze, or brownish with markings more or less obscure on elytra; arcs and spot 

on postclypeus more prominent C. lugubns Ball, 

Yellow and light fuscous with prominent yellow veins ; postclypeus yellow with light 

spot or band, preceded by five or six pairs of arcs C. lineatocollis Stal, 

Darker, with markings less prominent; face mostly all black C. brunnea Ball, 

Face with anterior portion shining black, rest bright yellow; wrinkles shallow or 

sometimes scarcely discernible 12 

Face uniformly yellow oi brown, or anterior portion at least chiefly yellow; wrinkles 

deep and usually fine 18 

Body elongate, cell Rs longer than wide, clavus striped m yellow and black, 

C. saltcis Doering, 

Body globose or pear-shaped; cell R s about equal m length end width; variously 

patterned 18 

Body obovate, tapering at both ends equally ; entirely black above, 

C. hyperiei Gib., 

Body pear-shaped, widest posterior to middle; blade, variously marked above with 
yellow and brown 14 

Broad, with elytra greatly inflated ; front approximately equal to length of vertex; 

black band on postclypeus two- thirds or three-fifths its length 15 

Seiuielongate, pear-shaped, elytra moderately inflated ; front not more than two- 
thirds length of vertex; black band on postclypeus usually not more than one- 

half its length i .... . i !6 

YgUow and black striped specie* C . W int-cyri var. saint cyrt Prov., 

At black above with brownish-hyaline apex C . saint -cyri var. ancept Me A tee, 

All yellow or washed in smoky hyaline C. proteus var. proteus Fitch, 

Mostly black or marked With black 17 
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17. Barn of davus yellow * <7, proteus var, niprieotUs Fhoh, 41 

All btacjk above except for yellow bands on head and pronotum and hyaline apex, 

C. proteus var. mceofa Ball* 48 

18. Face entirely yellow or brown 19 

Face yellow, variously marked with dark 21 

19. Testaceous yellow, pronotum dive-green .20 

Mostly black marked with pale yellow ...C. tcstacea Fitch (male), 80 

20. Pronotal wrinkles deep, numerous, very irregular; apical callous light, 

C. otbornt Gill and Bak., 66 

Pronotal wrinkles less deep, regular, numbering about twenty-five on median tine; 
apical callous dark C. testacea Fitch (female), 60 

21. Pronotal wrinkles irregular, deep; body tapering posteriorly; striking black and 

yellow ipeciee C. distinct a n. sp., 64 

Pronotal wrinkles regular, moderately deep; body not particularly tapering pos- 
teriorly; color pattern varied 22 

22. Very small, less than 4 mm. m length, arbortnu and newporta sometimes excepted. .28 

Larger, always 4 mm. or over in length 27 

25. Uniformly dark brown or tanmsh- brown. ... 24 

Fuscous-tan with a more or less distinct white band on claviw. 28 

24. Uniformly dark brown C. zanthocephala var. xanthocephala Germ., 76 

Yellowish -brown C. xanthocephala var. unicolor Fowler, 77 

26. More slender with margins of elytra distinctly parallel ; yellow band on pronotum 

obscure C, media n. sp., 99 

More robust; yellow band on pronotum very distmct 26 

26. Smaller, brown bands on pronotum and elytra very distinct, standing out in sharp 

contrast; front aometimes longer than \ertex C. arbortna n. sp., 94 

Larger, more robust; irtore golden m color w.th brown mat kings less prominent; 
front generally equal to length of vertex C. newporta n. up., 100 

27. Front at least two-third’s length of xeitex 28 

Front less than one-half length ot vertex *81 

28. Fuscous and brown with usually a faint oblique band across riaxus and other dark 

brown marks on elytra; wrinkles numbering usually between sixteen and 

twenty 20 

Uniformly pale yellow with no dark markings on elytra; wrinkles numbering ap- 
proximately twenty -thr<*e on median line C. canyonensta n. sp., 80 

29. Pronotum entirely yellow; elytia lighter tan or fuscous with markings and apical 

veins dark brown m sharp contrast ; band on postclypeus and spots on gena 

smaller * C. jumpenna Ball, 97 

Pronotum banded with dark; elytra brownish- fuscous, veins and markings not par- 
ticularly prominent ; band on postclypeus and spots on genie large, occupying 
central portion of face 80 

30. Pronotum with three brown bands C, ovata n. sp., 90 

Pronotum with middle brown band lacking C. eiskiyou n. sp., 92 

81. Posterior half of face black or sometimes mottled preceded by five or six pairs of 

arcs on postclypeus *82 

Face yellow with a dark band across middle preceded by several pairs of dark 
arcs * 84 

82. Elytra fuscous-brown with an oblique white band across claxus .88 

Elytra uniformly bronse fuscous .....C. obtusa var, tristis Van Duiee, 66 

83. Elytra very dark fuscous-brown with a xcry distinct white ciaval band, 

C. obtusa var, borealis Ball, 67 


Elytra fuscous, mottled, with white ciaval band much less distinct, sometimes only 

barely discernible C. obtusa var. obtusa Say, 66 

84. Pronotum uniform yellow without brown markings; no white band indicated on 

elytra • 

Pronotum yellow with usually two or three brown bands present or at least indi- 
cated; a white band across davus 86 

86, Elytra light yellow mottled faintly with fuscous ; band and arcs on 'postclypeus 

abbreviated at sides * C. t miformim n. sp., 88 

Elytra mostly dark fuscous except for anterior portion of da /us, which is bright 

tawny y«ow * c. aehatina Germ., 69 

86, Elytra lig hter fuscous-tan with markings more distinct; median brown pronotal 

band broader and more prominent C. texona n. *p„ 79 

Elytra' dark brownish -fuscous; median pronotal band yarrow, frequently interrupted 
through middle * - 87 
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87. Usually without brown bands on anterior margin* of vertex and pronotum ; ares on 

postelypeus very faint C. paUidocephaUt n. sp., 87 

Brown bands distinct on vertex and pronotum; arcs prominent on postelypeus. .. .88 

88. Brown bands on vertex and pronotum very distinct, never interrupted. 

C. tricmcta n. sp., 88 

Bands less distinct; median brown band on pronotum often interrupted, 

C. elongata n. sp., 84 


DESCRIPTION OP SPECIES. 

Clastoptera lineatocoUis St&l. 

(Plates III, IV, VIII, XII, XVI, XX, XXIV, XXV.) 

Stal. Ofv. Af. K. Vet. Ak. Forh., p. 258; 1864. 

ORIGINAL DESCRIPTION, 

Patria, Cal. (St. Francisco). 

Caput dilute flavescens, verticis marginibus basali et apicali lineisque trans- 
versis frontis apicem versus longitrorsum impress® nigrofuscis. Thorax postice 
profunde angulato-sinuatus, medio longitrorsum carinatus, dilute flavescens, 
lineis pluribus transversis fuscis ornatus. Scutellum flavescens, ante medium 
vitta fusca, ut littera S fere formata, utrimque ornatum. Tegmina latitudine 
vix duplo longiora, sordide flavescente pellucida, medio fascia antrorsum an- 
gustata et abbreviate albida. anterius a linea, postice a fascia indistincta fuscis 
terminata, callo rotundata fere apicali ad marginem costalem nervisque api- 
calibus hie illic fuscis. Subtus nig^o-varia. Pedes dilute flavescentes, vitta 
femorum maculis que tibiarum nigro-fuscis. 

WRITER'S DESCRIPTION. 

Size. Length: $ 3.9 mm. to 4.35 mm.; $ 2.92 mm. to 3.6 mm. Width: 
9 2.1 mm. to 2.62 mm.; £1.8 mm. to 2.4 mm. 

Shape. A medium-sized, semiglobose species with margins of elytra parallel 
and front greatly extended, but not as much as in delicata or sierra. 

Coi/)r. A greenish-yellow species marked conspicuously with fuscous, dark 
brown and black. Front yellow, bordered anteriorly with brown. Vertex yellow 
with anterior black border usually reaching ocelli. Eyes brownish. Face yel- 
low with dark markings as follows: The greater portion of postelypeus crossed 
by eight or nine pairs of distinct arcs, the last three pairs usually united to 
form an irregular spot or band of varying size, another band across posterior 
margin, usually all of anteclypeus except a light spot on each lateral mqpgin, 
the antennal cavities, a black spot between eye and postelypeus and usually 
another below mediopoeterior corner of eye. Pronotum yellow or slightly 
greenish-yellow crossed by five to eight dark brown, slightly depressed bands, 
interrupted before lateral margins, the fitost one narrower than rest, not always 
indicated. Scutellum sometimes all yellow with only a narrow brown band 
across middle, occasionally interrupted through center, or in the darker forms 
this transverse band more pronounced and with two large triangular brown 
spots between band and base of scutellum. Elytra yellow, marked with fuscous 
attd tannish-brawn in varying degrees, clavus usually with the third anal cell 
more fuscous than the rest, a conspicuous blackish-brown spot at apex and the 
thick yellowish-white veins standing out in gharp contrast; eorium either yel- 
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lowish-tan or sometimes fuscous-brown, chiefly hyaline on apical portion and 
explanate costal margin, & distinct opaque yellow spot midway on costal mar- 
gin, extending meead across corium as an irregular narrow band, the latter pre- 
ceded anteriorly by a short, oblique brown band, a smaller opaque yellow 
spot at base of coetal margin, sometimes a yellow area in cell Rs just eephalad 
of apical callous, another yellow area around apical callous, veins yellow, a 
dark cloud anterior to inflated portion of elytron, apical callous conspicuous 
and black. Legs, yellow, marked as follows: Coxa of first two pairs yellow 
anteriorly, rest black, trochanter with a cephalic brown spot, femur with a 
dark brown longitudinal band usually separated at apex by a yellow spot, tibia 
mostly yellow with two oblique dark bands, tarsus tannieh-brown with dark 
brown claws. Hind leg, coxa and trochanter yellow on basal half, tibia black 
at base, rest yellow except a brown spot eephalad and caudad of the large 
lateral spine, the spines brown at base and black at tip. Mesothorax black, 
metathorax yellow through center and blackish-brown on margins. Abdomen 
mottled yellow and brown. 

Majority of male specimens black above, except two brownish spots on ver- 
tex, a large conspicuous white spot midway on costal margin of each wing, the 
clear hyaline costal cell eephalad of apical callous, and an opaque yellow area 
in cell first M4 and completely surrounding the apical callous. Face entirely 
black, except for a yellow band across anterior margin of postclypeus and 
yellow mandibular selerites ; light males same general color as females. 

Structvk 4L Details. Vertex slightly depressed anteriorly, anterior margin 
carinated. Eyes level with rest of head, the width of the head being about 
three and one-half times the width of one eye. Ocelli located nearer the 
anterior margin of vertex than pronotum, the distance between the two ocelli 
slightly greater than the distance between each ocellus and eye. Front ex- 
tending beyond vertex the length of the latter, or sometimes only two-thirds 
its length. Front greatly inflated, length of postclypeus approximately two and 
one-half times length of anteolypeus. Scutellum approximately one-fourth 
longer than wide. Elvtra covered by a moderately long pubescence, the 
length of one elytron slightly over three times its width, base of costal margin 
flaring slightly, then parallel-margined to base of apical third, from whence it 
abruptly incurves to rounded apex. Wing venation, cell R5 about equal in 
length and width, cell R3 not much smaller than cell first M4, apical callous 
round and bulbous, occupying only the cephalic half of cell Ri. 

External genitalia: Pygofer of female, length and width approximately 
equal, exceeded by ovipositor about one-sixth of its length. Male genital plates 
broad at base, inner margins rounding to a blunt apex, exceeded by styles by 
about one-fourth their length. 

Internal genitalia: Lateral valve of ovipositor broad, spoon-shaped, taper- 
ing to a roundingly pointed apex, basal Jaterodorsal angle membranous, ninth 
steraite two-thirds length of valve; inner valve flat, bladelike, broader in 
proportion to length than in other closely related species, united on inner 
margins for slightly over half their length, the free apical margins bearing two 
conspicuous notches, the one at point of union of the two valves and the other 
at base of apical third, and about 60 finely pointed teeth from basal notch 
to apex. 

2-3341 
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Compahativ* Notes, Clast opt era lineatocollis resembles three other specie* 
very closely, namely <7. delicata, C. lugubris and C* brunnea. In color pattern 
v C ^lineatocollis and C. delicata resemble each other perhaps more closely than 
any of the others, the color pattern of the two in some specimen* being seem- 
ingly identical. The extreme light forms of delicata can usually readily be 
distinguished because they are a light greenish-yellow with less fuscous than 
the lineatocollis specimens have. However, sometimes delicata also has con- 
siderable fuscous on the elytra and then they are not so easy to separate, so 
that other characteristics have to be used. C. lugubris differs from these two 
species in color in that it is decidedly more bronze or brownish-fuscous, with 
the veins and markings much more obscure. On the other hand, even in the 
darker forms of both delicata and lineatocollis the veins are conspicuous, thick 
and yellow, making a sharp contrast to rest of elytra. Clastoptera brunnea 
frequently grades into lineatocollis in general color although as a general rule 
brunnea is more bronze and darker, somewhat resembling lugubris. 

The other differences in color between these species pertain to the color 
pattern of the face. Clastoptera brunnea can be separated very easily from 
the other three by the fact that it usually has an ^ntirely black face, whereas 
that of the other three are yellow with a transverse dark spot or band and dark 
arcs on the postclypeus, as given in the descriptions of each. It must be noted, 
however, that occasionally brunnea has faint touches of light on the lateral 
margins of the postclypeus and on the gen® with sometimes the mandibular 
sclerites mostly all yellow. Moreover, the dark spots on the postclypeus and 
gen® in lineatocollis are usually larger in proportion to the yellow areas than 
they are in delicata. Lastly, there is another color difference which sometimes 
aids in separating C. lineatocollis and C . delicata. Usually lineatocollis has 
six or seven, and frequently eight, dark bands on the pronotum, while in 
delicata the usual number is five. 

Structurally these species differ in several ways. Clastoptera delicata is 
the longest species of the group, with the length of the clavus extending be- 
yond scutellum usually equal or nearly equal to the length of the scutellum, 
which is not true in any of the others, particularly lineatocollis and brunnea 
C. delicata also has a more pointed head, with the front protruding beyono 
vertex much farther than in any of the others, thus interrupting the rounding 
frontal curve of the head at point of union of gena and front. The postclypeus 
in delicata is greatly inflated, leas in lugubris and lineatocollis and least of all 
in brunnea. 

The size of these species also aids in separating them. Clastoptera delicata 
and C. lugubris are the two largest forms, being almost equal in size. Clastop- 
tera brunnea is usually the smallest one in the group, and C. lineatocollis is 
about halfway between delicata and brunnea . 

Lastly the ovipositors of ttage species differ notably. The inner valves of 
delicata are very long and br<» united for not quite a third of their length, 
the two notches are widely separated, and the margins between the based notch 
and apex of each are alternately broken up into smooth areas and toothed 
areas, which is, entirely different from any of the other species. The inner 
valve* in lineatocolli rare extremely short and broad, the notches are located 
very close togethe^iwd the teeth are moderately fine and numerous, the 
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valve of lugubrie is mote nearly like that of lineatocollis than deticata, having 
practically the same number of teeth as the former, but differing from it in 
that the valve is longer and much more slender, with the two notches spaced 
somewhat further apart and the apical notch distinctly roundingly produced. 
This valve of brunnea is also a short valve, but not as broad in proportion to 
its length as that of UneatocoUi $, and has much finer, more numerous teeth, 
and a rounding groove on its inner margin just before apical notch. 

The black male forms in this group may also cause confusion in trying to 
classify them. Black males occur in Clastoptera lineatocollis, brunnea and of 
course sierra, since it is an entirely black species in both sexes. The writer 
was unable to find males of binotata in any of the collections which she had 
on hand for study.- (For further discussion of this question, see distribution 
notes in the description of binotata.) The black males of these three species 
mentioned above, however, can easily be separated by the following differ- 
ences: Sierra is entirely black above and below, and therefore lacks the con- 
spicuous white spot on costal margin and any light markings on face; C. 
lineatocollis and C. brunnea both have this white spot on costal margin present, 
as well as a hyaline area of varying size preceding the apical callous and a 
yellow margin around the latter. In turn these two can be separated from 
each other by the color of the postelypeus which is entirely or almost black in 
brunnea but which has a lighter, irregular band across posterior border in 
lineatocollis. 

These three species may easily be confused with the males of the following 
species, namely: C. xanthocephala, C. saint-cyri var. anceps, and C. hyperici. 
C. xanthocephala resembles the black males of lineatocollis and brunnea be- 
cause it also has a white spot on the costal margin of the elytron, but it can 
be distinguished easily enough from these as well as from sierra by the fact 
that the pronotum has numerous fine wrinkles on it, while in the others the 
pronota are traversed by only a few deep ones. C. hyperici and C. saint-cyri 
var. anceps can be distinguished from the lineatocollis group by the color pat- 
tern of the face, which in the first two is of the proteus type wherein the an- 
terior portion is shining black and the posterior portion is bright yellow, 
while the other three have black or mostly black faces as mentioned above. 
Likewise hyperici and anceps both have very faint, moderately numerous 
wrinkles instead of the few deep ones found in the lineatocollis group. 

Distribution. Doctor Ball states that he has taken this species abundantly 
in California and occasionally in Utah. In addition to these states they have 
been taken abundantly in Arizona and one specimen in the National Museum 
collection bears a Texas label. Another single sj>ecimen was taken in Eddy 
county, N<*w Mexico. In the Snow collection, University of Kansas, there is 
a large series of 552 specimens. The majority of this large series were taken 
in Mescal, Cochise county, a few in Coconimo county, and a few -in the Santa 
Rita mountains, Arizona. 

Of this large series 363 were females and 189 were males. In the males 
there were 159 black forms and 31 light ones. 

Hosts, Doctor Ball states that this species is taken abundantly on sage 
brush and mint in California. 
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Clastoptera delicata Uhler. 

(Plates ni, IV, VIII, XII, XVI, XX, XXIV, XXV.) 

GUktoptqra delicata Uhler. Uhler, P. R. Bui. U. S. Geol. Surv. I, p. 848; 1875. 
Clattopteta delicata eubsp. bmotata Ball. Ball, E. D. Proc. la. Acad. Sci. Ill, p. 184 ; 1805. 
Clastoptera IvneatocolUs var. delicata Uhler. Ball, E. D. Can. Eat. BIX, p. 105; 1927. 

ORIGINAL DESCRIPTION. 

Form of C. proieus Fitch, but with a more prominent front. .Pale greenish- 
yellow. Head broad, apparently impunclate; cranium short, transversely 
depressed, as is also the tylus ; anterior edge of the vertex carinately elevated, 
bordered from eye to eye with a black line ,* eyes margined behind with black ; 
front smooth, polished, bright yellow, rounded, the transverse rug® sub- 
stituted by slender black bands; lower down grooves, and with a broad, black 
spot, adjoining which each side on the cheeks is a smaller spot; under side 
bright yellow, rostrum black, reaching almost to the posterior cox®; antenn® 
black at base. Pronotum banded on the anterior edge by a slender black line, 
and with five straighter and more slender lines, which stop just short of the 
lateral margins, these lines feebly impressed, and obsoletely, minutely scabrous; 
surface not wrinkled, almost smooth, moderately convex, deeply emarginated 
behind, the lateral margin narrowly produced as far as the outer line of the 
eyes; the humeral margin recurved, and with a small black dot before it. 
Scutellum pubescent, yellow, transversely wrinkled, with a slender black line 
at base and an interrupted one behind the middle. Hemelytra with a short, 
remote, golden pubescence, coarsely* punctate at base, more obsoletely so 
posteriorly; the inner and posterior margins, the suture between the corium 
and clavus, an oblique short streak on the disk, and a spot on the middle of 
the costa fuscous; posterior margin of the corium with a sinuous brown band, 
the membrane and posterior one-third of the corium and a spot at base of costa 
pale brown, the bulla very prominent, black, under side yellow ; the mesosteth- 
ium, disks of the pleural pieces, and the middle line of the genital segment 
pitch-black. Legs yellow, the tibi® having a band below the knee, another 
on the middle, and a third at tip and the spines of tibi® and tarsi, including 
the nails, dark piceous. 

Length to tip of hemelytra, 4% mm.; width of pronotum, 2 mm. 

Colorado and Utah. 

writer's description. 

Size. Length: $ 4.5 mm. to 4.95 mm.; $ 3.6 mm. to 3.9 mm. width: 
$ 2.47 mm. to 2.77 mm.; $ 2.1 mm. to 2.32 mm. 

Shape. A large, semielongate species, tapering somewhat posteriorly and 
with a greatly protruding front. 

Color. Greenish-yellow, marked conspicuously with dark brown and fuscous. 
Front yellow, crossed by three pairs of faint dark brown arcs. Vertex yellow, 
a black band across anterior margin reaching ocelli. gojden-brown. Face 
yellow, marked with dark as follows : Nine or ten pah* of dark brown arcs 
and a posterior band across postclypeus, atttfdypeus dark brown through 
middle, sometimes the posterior two or three pairs of dark arcs on postclypeus 
fusing togethe# to a dark spot, occasionally entire lower half of post- 
clypeus and ail m whteclypeus shining brownish-black. Pronotum bordered 
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anteriorly by an irregular dark band, broadest through middle and narrowed 
at eyes, the disk crossed by four or five conspicuous dark brown bands, inter- 
rupted before lateral margins, and usually a shorter, fainter band just back 
of anterior border, sometimes, also, one to three faint lines or wrinkles on each 
posterior lobe. Scutellum yellow with a slender black line at base and an- 
other just behind middle, both usually interrupted through middle, sometimes 
in the darker specimens a conspicuous sinuate dark line on each side connecting 
the two transverse bands. Elytra yellowish-green and brownish-fuscous, davus 
mostly yellow with the central areas of cells, an elongate spot on elytral 
margin laterad of each pronotal posterior lobe, and a large spot at apex light 
brownish-fuscous in the lighter forms, or extremely dark fuscous in the darker 
ones, with the thick, yellow veins greatly accentuated ; corium yellow on basal 
two-thirds marked with light brown or deep fuscous as follows: A spot on 
costal margin just before middle becoming an oblique transverse band across 
middle, a border along the claval suture and a large cloud just before in- 
flated portion of elytron, apical third clear tannish-hy aline except for the thick 
yellowish-white veins, the dark brown apical callous, surrounded by opaque 
yellow and an elongate thickened brown spot just anterior to cell M2. Legs 
yellow, coxa of first two pairs with a dark band across middle, a dark spot on 
trochanter, a longitudinal brownish band on femur, a black band below knee 
of tibia, another on middle and a third at apex, sometimes a longitudinal band 
connecting these oblique bands, tarsus yellow or washed in brown with blackish- 
brown claws. Hind legs yellow with brownish, black-tipped spines, sometimes 
a brownish spot on femur and the tibia as above except for a yellow spot 
around larger lateral spine which divides the middle dark band. Mesothorax 
shining black through middle with yellow lateral margins. Metathorax yellow 
except for black lateral margins. Abdomen yellow, sometimes anterior seg- 
ments dark and rest margined anteriorly with black, ovipositor always black. 

Males resembling females in general color pattern. 

Structural Details. Vertex slightly depressed transversely,* anterior margin 
carinated. Eyes, length somewhat less than one-fourth the width of head. 
Ocelli located nearer anterior margin of vertex than pronotum and distance 
between the two ocelli equal to distance between each ocellus and eye. Front 
transversely depressed, greatly extended beyond vertex as much or usually 
more than length of vertex, the anterior curve of head interrupted at point of 
union of gena and front as in C. sierra. Postclypeus greatly inflated, its 
length approximately two and one-half times that of the anteelypeus. Prono- 
tum minutely pitted, crossed by four, five or six depressed bands on median 
lines, commonly five, the first usually much shorter and less distinct, the 
sixth one, if present, merely a deep wrinkle instead of a band, usually one 
to three wrinkles on each posterior lobe, the first one sometimes a short, 
broad band instead of a wrinkle. Scutellum, length approximately two-fifths 
greater than its width. Elytra covered by a moderately fine pubescence, the 
length of one elytron approximately three times its width, base of costal 
margin flaring, then parallel-margined to apical half of elytron, from whence 
they taper to a bluntly pointed apex, length of clavus beyond apex of 
scutellum approximately equal to length of scutellum itself. Wing venation, 
cell R5 about equal in length and width, cell R3 much shorter than cell first 
M*, apical callous round, bulbous, occupying about half of cell Rj,. 
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External genitalia: Pygofer of female slightly wider than long, exceeded 
by ovipositor by one-seventh of its length. Male plates broad, divided on 
inner margins for about one-half their length, their mesocaudal angle bluntly 
rounded, exceeded by genital styles by about one-third their length. 

Internal genitalia: Lateral valve broad, spoon-shaped tapering to a 
bluntly pointed apex, its laterodors&l margin membranous for half its length, 
ninth stemite approximately three-fourths its length; inner valve flat, blade- 
like, long, tapering to a pointed apex; the two valves united on inner margins 
for one-third their length, the free margins bearing fine teeth at scattered 
intervals and two conspicuous protruding notches, one at point of union of 
the two valves, the other at base of approximate apical third. Male styles 
broad, stout, basal apex extended into a flap, apical fourth at base bearing 
laterally* a sharply pointed recurved hook, from whence it tapers to a dorsad- 
curving sharply pointed apex. 

Comparative Notes. See discussion of this subject under this heading in 
the description of Clasioptera lineatacollis. 

Distribution. Specimens have been collected from the following states: 
Arizona, California, Colorado, New Mexico and Utfdi. A large senes of thirty- 
live or more specimens were taken by Doctor Lawson and Doctor Beamer at 
Pawnee Buttes, Colo. Another large series of about sixty specimens were 
collected by Doctor Beamer and Doctor Beadio at WiHiams and in the 
Grand Canyon, Arizona. In all, the writer had available for study about 130 
specimens, of which only 13 were males, a fact which indicates that the males 
of this species are rare. 

Hosts Doctor Ball states that this “species is abundant on rabbit brush 
( Chrysothamnu$ gmveolans) in sheltered locations in Colorado and to a less 
extent on the sage brush m the western areas/’ Doctor Beamer and Doctor 
Lawson found the specimens taken at Pawnee Buttes on the rabbit brush 
mentioned by Doctor Ball In New Mexico and Arizona Doctor Beamer 
noted that they were taken on a sagelike plant, which again checks with Doc- 
tor Ball’s data. 


Clastoptera brunnea Ball. 

(Plates III, IV, VIII, XII, XVI, XX, XXIV, XXV ) 

Clastoptera hneatocolhs var. brunnea Ball. Ball, E. D. Ia Acad Sci XXVI, p. 147, 1910 

ORIGINAL DESCRIPTION. 

Smaller and less distinctly marked than delicate. Smaller than typical 
lineatocoUis with less of a smoky and more of a bronzy cast, the lines and 
markings present, but obscure; face shining black. 

Described from four examples from Alder and Rifle, Colo., collected by 
the writer. The smaller size and shiping black face will at once distmquish 
this variety from tfte Uneata relatives. 

writer’s description. 

Size. Length: $ 3-45 mm. to 3.75 mm.; S 3 mm. to 3.3 mm. Width; $ 
1.95 mm. to 2.32 mm*; S 1-87 mm. to 1.95. 

Shape. A small, n&ralletaided species with elvtra onlv sliuhtlv inflated. 



Doering; The Genus Clastofte&a. 


27 


Color Fuscous-bronze end yellow, marked with dark brown or black, very 
similar in appearance to C. tineatocolUs and C. lugubrit* Front, vertex, pro- 
aotupa and scutellum as in the darker females of UneotocoUis* Face outstand- 
ingly different from other closely related species by being entirely shining 
black, or occasionally with six or seven pairs of yellow arcs indicated on ex- 
treme lateral margins of postclypeus, mandibular scleritee sometimes yellow 
and sometimes touches of yellow around eyes or outlining a black spot on 
gens between postclypeus and eye and another just beneath caudomeaal angle 
of eye. Elytra marked as in lineatocollis excepting that the clavus usually is 
more bronze-fuscous than in the latter, with the veins and markings less dis- 
tinct. Rest of the body as m lincatocollis excepting that the dark areas are 
more accentuated. 

Males of this species of two forms, the light ones resembling the females 
in color pattern and dark forms, entirely black above and below except for 
a yellow border around apical callous, preceded by a hyaline area and some- 
times metathorax yellowish. 

Structural Details. Vertex slightly depressed transversely, anterior mar- 
gin slightly cannated. Eyes, length approximately one-fourth total width of 
head. Ocelli located nearer anterior margin of vertex than pronotum and dis- 
tance between the two ocelli less than distance between each ocellus and eye. 
Front extended beyond vertex only one-half or two-thirds length of latter, 
less than in other closely related species Postclypeus moderately inflated, its 
length approximately three times length of anteclypeus, its width about one- 
half greater than distance between its lateial margin and outer margins of 
head. Pronotum crossed by six to eight distinct, slightly depressed dark bands, 
interrupted before lateral margins, anterior margin roundingly produced, 
lateral margins short and not greatly diverging, posterior margin deeply 
emarginate. Scutellum approximately twice as wide as long. Elytra approxi- 
mately two and one-half times as long as wide, base of costal margin slightly 
flanng, then parallel-margined to base of apical fourth from whence it ab- 
ruptly incurves to rounded apex Wing venation, cell R5 about equal in length 
and width, cell R» smaller than cell first M*, apical callous round, bulbous, 
occupying only part of cell Ri. 

External genitalia: Pygofer of female slightly wider than long, exceeded by 
ovipositor approximately one-fifth of its length. Male plates broad at base, 
inner margins rounding to blunt apex, exceeded by styles about one-fifth or 
one-fourth their length. 

Internal genitalia: Lateral valve of females broad, spoon-shaped, tapering 
to a bluntly pointed apex, its Iaterodorsal margin membranous for half its 
length, ninth stemite approximately three-fourths its length, inner valve flat, 
bladelike, rather broad and short but not as much as in lincatocollis, the inner 
margins united for half their distance, the free margins bearing fine, pointed 
teeth, numbering about one hundred and fifteen and two notches, the first at 
point of union of the two valves and the other just anterior to apical two- 
fifths, a deeply rounding groove cephaJad of apical notch. 

Male styles broad and stout, basal apex extended into a flap, apical fourth 
At base bearing laterally a recurved hook, from whence it tapers to a dorsad- 
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curving, sharply pointed apex; connective roughly triangular; oedagus very 
short and broad, not much longer than connective itself. 

Comparative Notes. See discussion under this heading in the description 
of 'UneatocoUis. 

Distribution. Specimens have been collected from Arizona, California, 
Colorado, Nevada, North Dakota and Utah. 

Location of Types. Collection of Dr. E. D. Ball, Sanford, Fla. 

Hosts. Doctor Ball (1927) states: “The writer has taken this form com- 
monly on sage brush (Artemisia tridentata) and in smaller numbers from 
rabbit brush on the western slope of Colorado, throughout Utah, and a few 
examples in the Bad Lands of North Dakota. Dr. J. McDunnough reports 
this from Lilloet, B. C., on sage brush.” 

Clastoptera lugvbris Ball. 

(Plates III, IV, VIII, XII, XVI, XX ) 

Claitoptera hneatocolhs vai. lugubrts Ball Ball, E D. Ia. Acad. Sri XXVI. p 14rt; 1910 
Clastoptera hncatocollxs var. lugtibns Ball Ball, E. D. Can. Ent. LIX, p. 106 ; 1927. 

ORIGINAL DESCRIPTION. * 

Size and form of var. delicata, but lacking its definite marking. Dull smoky- 
brown with faint indications of the transverse bands on vertex and pronotum. 
A dark, smoky cloud just before the inflated portion of elytra and a large, 
shining black callosity. Face shining bjack. 

Described from a single female from Alameda county, California, in the 
collection of the writer. Other examples from the same locality vary in having 
broader bands on the pronotum and the face with traces of light lines. 

WRITERS DESCRIPTION. 

Size. Length: $ 4.65 mm. Width: 9 2 77 mm. 

Shape. A large, semiglobose species with the front greatly extended. 

Color. Dark tan or brown marked with yellow and dark brown. Front, 
deep yellow, with a dark brown band across anterior portion formed by the 
union of two pairs of dark arcs. Vertex deep yellow with a black band along 
anterior margin. Eyes gray-brown. Face, postclypeus yellow with eight or 
nine pains of conspicuous dark brown arcs on anterior two-thirds, the posterior 
three pairs united through middle, thus forming a partial transverse band; 
another solid brown band on posterior margin, all of anteclypeus, a dark spot on 
gena, another beneath mediocaudal angle of eye and the antennal sockets 
dark brown. Pronotum dark tan with an uneven black border along anterior 
margin, disk crossed by seven or eight broad dark brown stripes, with the space 
between them more greenish in color and a brown spot on each lateral angle. 
Seutellum yellow with a dark spot at each basal-lateral angle, another midway 
down on each lateral margin, and a large median dark V. Elytra, clavus 
mottled with brown #nd fuscous, the third anal cell darker than the rest, veins 
yellow, greatly accentuated; corium tanni$h-brown, becoming cle*r hyaline 
towards apex, with a dark brown spot at base of costal margin, another mid- 
way down on fepstal margin, followed by a conspicuous yellow-white spot, 
which extends mesad almost to ciaval suture as a narrow white line, the latter 
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bordered anteriorly by a distinct oblique dark brown band, posteriorly by a 
large, dark cloud, the large apical callous brownish-black. Legs yellow, conspic- 
uously marked in dark brown as follows: Coxa of first two pairs yellow ante- 
riorly, solid black posteriorly, trochanter with a cephalic brownish spot, femur 
with a dark brown spot on cephalic surface separated at apex by a yellow spot, 
tibia mostly dark brown on cephalic surface, except for two oblique yellow 
bands, tarsus tannish-brown with dark brown claws. Hind leg with coxa and 
trochanter yellow, femur, excepting posterior half, yellow, tibia yellow except- 
ing the black base, a brown spot cepalad and caudad of lateral spines, and 
the lateral and apical spines which are brown at base and black at tip, tarsus 
yellow, with spines black at tip. Mesothorax black. Metathorax black on 
anterior portion, rest yellow. Abdomen with anterior segments black, caudal 
segments yellow, margined in black, pygofer and ovipositors mottled in brown 
and yellow. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
not distinctly carinated. Length of eye slightly over one-fourth the width of 
the head. Ocelli located nearer anterior margin of vertex than pronotum and 
the distance between the two ocelli being somewhat wider than distance be- 
tween each ocellus and eye. Front extending beyond vertex more than length 
of vertex. Face, postclypeus moderately inflated, its length about two and 
one-half times length of anteclypeus, its width about one-third greater than 
distance between its lateral margin and outer margin of head. Scutellum two- 
fifths longer than wide. Elytra, their surface covered by relatively long hairs, 
length of one elytron approximately two anti one-half times its width, base of 
costal margin flaring, then parallel-margined to apical third of elytron, from 
whence it abruptly incurves to rounded apex. Wing venation, cell Rg length 
and width equal, cell R3 smaller than cell first M*, apical callous large and 
bulbous, occupying most of cell Rj. 

External genitalia: Pygofer of female, length and width almost equal, 
exceeded by ovipositor about one-tenth or one-eleventh of its length. 

Internal genitalia: Lateral valve of ovipositor broad and spoon-shaped, 
tapering to a bluntly pointed apex, its mediobasal half membranous, the 
ninth sternite about two-thirds the length of the valve; inner valve flat, 
bladehke, the inner margins of the two valves united for slightly over half 
their distance, with a small notch at point of union of the two valves and a 
more prominent protruding notch at base of apical third, and the free margins 
bearing approximately eighty-nine teeth. 

Comparative Notes. See the discussion under this heading in the descrip- 
tion of lineatocollis. 

Distribution. Doctor Ball states that this species is known only from 
southern California. 

Location op Types. Collection of Dr. E. D. Ball, Sanford, Fla. 
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Clastoptera binotata Bill 

(Plates III, IV, vm, XII, XVI, XX- ) 

Clattoptera < lehcata subsp. II binotata Ball. Ball, E. D. Proc. la. Acad, Sd. 111, p. 165; 

1695 

Clast optera binotata Ball, Baker, C. E. Notes on Ceroopidie, Eut. New*; 2900, 

Clastoptera hnoatccollx* var. binotata Ball. Van Dusee, 2B. P. Cat. Heraip ; 2017. 

Claitoptera hmatocolh « var. binotata Ball, dtearas. L. A. Hemip. Conn., p. 988 ; 1028. 

Chstoptera hneat ocolht, var. 6»notato Ball. Ball, E. D. Can. Skit. LIX, p, 100; 1027. 

ORIGINAL DESCRIPTION. 

Size variable; color from yellow to black; front much inflated; two cir- 
cular yellow depressions on vertex near eyes; pronotum strongly, broadly 
wrinkled. 

Front rising abruptly from face at sides, meeting vertex in same plane above, 
outline a regular curve. Vertex very slightly transversely depressed; a distinct, 
circular, yellow depression midway between eye and ocellus on either side. 
Pronotum coarsely pubescent, strongly, transversely wrinkled, about eight on 
the median line. Hemelytra coarsely pubescent; veins on clavus strongly 
raised; apical cells transversely compressed, third cell triangular, not reaching 
beyond angle of posterior marginal vein. Legs stc/ut; spurs and spines strong; 
femur and tibia with dark lateral lines coalescing with two dark spots on out- 
side of tibia. 

Subsp. I, hneata. Pronotum yellow, with five black bands. Subsp. IX, 
binotata. Pronotum entirely black. 

Habitat. Utah (Uhl), California, 'Colorado and Arizona. 

NOTES ON SYNONYMY. 

In 1895 Doctor Ball called this form a variety of delicata Uhler. At this 
time he stated that this variety had been given the manuscript name, Cla&top- 
tcra binotata, by Uhler. It was distributed under this name in collections. 

In 1900 Mr. Baker pointed out that this should not be a variety, but a dis- 
tinct species. He says: “I regard it as a good species. Among other things 
the pronotum in binotata is opaque and broadly, shallowly wrinkled, in delicata 
( lineatocollU ) it is shining and nearly smooth. Binotata is further distinguished 
by the coarser sculpturing of the clavus, A variety of binotata occurs m 
California having a greater extent of light coloring along the costa and a 
transverse light band across lower part of face.” 

writer's description. 

Size. Length: 9 3.75 mm. to 4.05 mm, Width: 9 2.17 mm. to 2.47 mm. 

Shape. A medium-sized blunt species with elytra only slightly inflated and 
margins distinctly parallel. 

Color. A blackish-brown species with a conspicuous white spot on each wing. 
Head black with two light brown spots on vertex, and grayish-brown eyes. 
Face, all blackrMMsd by five or six paint of yellow arcs on the anterior half 
of postdy peus and sometimes a faint spot ip center of dark part. Sjcutellum 
black. Elytra black at base, brownish on ixpianate costal margir and apical 
third, with a conspicuous white spot midway on costal margin. Metathorax 
yellow. Abdomen black or blackish-brown. Legs yellow marked with brown 
as follows $ Coxa of first two pairs dark brown, trochanter yellow washed in 
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brown, femur yellow with a narrow longitudinal brown stripe on cephalic cur- 
face, tibia yellow with two oblique brown spots on cephalic surface, tarsus 
yellow with apices of segments margined m brown, claws dark brown Coxa 
and trochanter of hind legs yellow, femur yellow except for the basal portion, 
a longitudinal narrow stripe lengthwise of each, and apical portion brown, 
tibia yellow with a brown spot at base, another between the two lateral spines 
and a third just caudad of second spme, the spines yellow at base and black 
at tip, tarsal segments washed m brown, with extreme tips of spines and tarsal 
claws very black 

Structural Details Vertex not transversely depressed, anterior margin 
slightly cannated Length of eye one-fourth the width of the head Ocelli 
located hah way between anterior and posterior margins of vertex, the dis- 
tance between the two ocelli equal to distance between each ocellus and eye. 
Front extending beyond vertex about two-thirds the length of vertex, the 
anterior curve of head evenly rounded Postcbpeus moderately inflated, not 
as much as m men a, its length almost three times the length of anteclypeus, 
its width about twice the distance between its lateral margin and outer 
boundary of head Pronotum, roundmgly produced anteriorly, lateral margins 
greatly diverging, posterior margin deeplv emaigmate, its surface roughly 
checked, also crossed bv seven or eight deep wrinkles along median line and 
more at sides Scutellum, length one-fourth greater than width Elytra, 
approximately two and one-half times as long as wide, base of costal margin 
flaring, then parallel-margined to apital fourth of wing, from whence it 
abrupth incurves to blunt apex, their surface covered bv moderately fine, short 
pubescence Wing venation cell R^, tufle longer than wide, cell Rs smaller 
than cell first M4, apical callous very large, bulbous, occupying basal two- 
thirds of cell Ri 

External genitalia Pv gofer of female somewhat wider than long, exceeded 

only slightl> by ovipositoi by about one-thirteenth of length of latter 

Internal genitalia Lateral vahe of onpoMtor broad and spoon-shaped, 
rounding to a bluntly pointed apex its basal laterodorsal angles membranous, 
ninth stemite approximatelv two-thirds the length of the valve, inner valves 
flat, hladehke, tapenng to a bluntlv pointed apex, their inner margins united 
for half their length, their free margins beaiing about ninety-three distinct 
teeth and two notches, the smaller one at point of union of the two valves and 
the other at base of apical third 

Comparative Notes Clastoptcra binotata resembles Clastoptcra sierra , 
Clast opt era saint-cyn var anceps, Clastoptcra hypenci and Clast opt era zan- 
thocepkala , since all of these are more or less black or blackish-brown. It 
is disting uished from sierra by the fact that the latter has no yellow markings, 
while binotata has six or seven light arcs on the postdypeus and a whitish- 
yellow spot midwav on costal margin of each elytron. Moreover, the general 
shape of the body is somewhat different, sierra, being a larger, ipore inflated 
species, with the elytral margins greatly diverging and the front considerably 
extended, while bmotata is a more blunt species, with the elytra leas inflated and 
the margins distinctly parallel Binotata differs from samt-cyn var. cmcepe 
chiefly m that it is larger and has all black elytra and face while nmceps has 
the apex of elytra light brown and the posteno* half of postdypeus bright 



82 The University Science Bulletin. 

yellow* Binotata also resembles hyperici, but differs in that the lower half of 
the postdypeus in hyperici is bright yellow, while in binotata the face is 
entirely black, with five or six pairs of light arcs on the anterior half of the 
postdypeus. Moreover binotata has the two white spots on the elytra, which 
are entirely lacking in hyperici. Lastly, superficially binotata resembles C. 
xanthocephala, since they are both dark colored species and their general shape 
is similar, both having parallel-sided elytra which are bluntly tapered at apex. 
They can be distinguished by the general color, which in xanthocephala is 
blackish brown while binotata is more black, and by the color of the post* 
clypeus, which in xanthocephala is yellow with a dark transverse band across 
middle, preceded anteriorly by dark arcs, while in binotata the postdypeus 
is all black except for the anterior light arcs. Then binotata differs from these 
last three species very decidedly in the pronotal wrinkles, binotata having a 
few very deep wrinkles, Clastoptera hyperici and Clastoptera scrint-cyri var. 
anceps comparatively few but exceedingly shallow ones, while xanthocephala 
has many shallow wrinkles. 

The ovipositors of these five black or blackish-brown species furnish an- 
other good distinguishing character. The inner valve of sierra, wdiich of course 
more closely resembles that of binotata since they belpng in the same large 
group, is much longer and more slender than that of the latter, with the dis- 
tance from apical notch to apex of valve proportionally shorter, and with two 
other notches indicated cephalad of it instead of just one as in binotata; more- 
over, the teeth of sierra are larger and less in number than in binotata , there 
being about 93 in the latter and 68 in the former. The differences in the valve 
of the other three can easily be seen by a glance at the figures ; hyperici has a 
short, broad valve with apical notch almost entirely lacking; the \ar. anceps 
has a longer but also a broad valve with the two notches widely separated, 
and xanthocephala has a very small valve with the notches only slightly in- 
dicated. The teeth in hyperici and xanthocephala are fine, numbering about 
110 in the former and about 78 in the latter, while in anceps they are larger, 
numbering about 108. 

For discussion of the males of related species see page 23. 

Distribution. Doctor Ball states that thus species “occurs from the Rocky 
Mountains in Colorado, west to California and southward. Common on the 
sagebrush.” However, since there has been so much confussion in regard to the 
black males of this group it is possible that some of the males of Clastoptera 
sierra and lincatocollis have been confused with this species. 

The writer is inclined to believe that no males of binotata have been col- 
lected. Just how they would differ from those of sierra it is hard to determine. 
As Doctor Ball suggests, the best way, perhaps, would be to depend on locality 
labels which show that males and females have been taken together, and that 
no other species was confused with it. 

In regard to this question Dbctor Ball (1927) stated: “The males of 
binotata are much smaller and have the face all black, and may lack the light 
markings along costa.” In a letter to the writer he also made these remarks : 
“The only way that I have of placing the black males of all varieties, except 
deUcata is that they have been collected with the females where only the one 
variety was found m the place. Most of my collecting was done before the 
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varieties were differentiated, and there should be a considerable amount of 
study in the field of the relationship of these forms, and especially of the rela- 
tion of the sexes. Males of delicata are almost always scarce, while on the 
other hand the black males of brunnea and lineatocollis are abundant. As the 
black females of binotata are themselves rare, and have been rarely taken 
where they are free from possible contamination with the other forms, it is 
difficult to segregate their males.” 

Locution of Types. Holotype and allotype in the collection of Dr. E. D. 
Ball, Sanford, Fla. 

Hosts. Sage brush. 


Clastoptera sierra sp. new. 

(Plates III, IV, VIII, XII, XVI, XX, XXIV, XXV.) 

Size. Length: $ 4.65 mm. to 4.S mm.; $ 3.75 mm. Width: $ 2.7 mm. 
to 3.3 mm. ; $ 2.4 mm. 

Shape. A large, robust species. Males much smaller, approximating the 
size of the females of hneatocollis and brunnea . 

Color. An entirely black or brownish-black species, except for two light 
brown spots on vertex and the golden-brown eyes. Elytra black, becoming 
reddish-black on distal portion. Mesothorax black. Metathorax light. Abdo- 
men and legs black. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
slightly ele\ r ated. Eyes with their greatest length less than one-fourth the 
width of the head. Ocelli located slightly nearer anterior margin of vertex 
than pronotum, the distance between the two ocelli equal to the distance 
between each ocellus and eye. Front extending beyond vertex a distance 
approximating the length of the vertex. Postclypeus greatly inflated, length 
about three times the length of the anteclypeus. Pronotum rough, anterior 
majgin roundingly angulate, lateral margins greatly diverging, posterior margin 
deeply emarginate, anterior portion of pronotum and head at an angle with 
rest of body, wrinkles across disk few and deep, numbering about ten along 
median line. Scutellum roughly wrinkled and pitted, its length about one-half 
of width. Elytra greatly inflated, length of one slightly more than twice its 
width, base of costal margin flaring, then only slightly diverging to apical 
third of elytron, from whence it abruptly incurves to rounded apex, its surface 
roughly wrinkled, covered by a moderate number of short hairs. Wing vena- 
tion, cell K 5 equal in length and width, cell R 3 smaller than cell first M4, 
the apical callous large, bulbous, occupying most of cell Ri. 

External genitalia : Female pygofer longer than wide, exceeded by oviposi- 
tor about one-fifth of its length. Male plates broad at base, inner margins 
rounding to a blunt apex, exceeded by genital styles about one-third or one- 
fourth their length. 

Internal genitalia: Lateral valve of ovipositor broad, spoon-shaped, taper- 
ing to a bluntly pointed apex, the basal two-fifths membranous on dorso- 
lateral angle, the ninth stemite over half the length of the valve. Inner valve 
flat, bladelike, narrow, tapering to a roundingly pointed apex, the basal half 
of the two valves united, the free apical margins bearing three notches, one 
at point of union of the two valves, another at base of apical third, and the 
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other one-half way between these two, the margin from the apical notch to 
apex pi valve bearing distinct teeth, numbering approximately 68. Male 
styles broad and stout, basal apex extended into a flap, apical fourth at base, 
bearing laterally a recurved hook, from whence it tapers to a dorsad-curving, 
sharply-pointed apex; connective roughly triangular, about twice as wide as 
long, oedagus a straight rod with rounded apex, in situ the apical portion being 
bent dorsad. 

Comparative Notes. C. sierra superficially resembles other black species in 
the genus, but differs from all of them by the fact that it is entirely black above 
and below. It is thus separated from hyperici, which is also chiefly black above 
because the latter has the lower half of face bright yellow. Moreover, hyperici 
has very shallow wrinkles on the pronotum while sierra has only a very few 
but decidedly deep ones. 

For the comparison with binotata , see the discussion on page 31 under this 
heading; and for comparison with the males of other black species, see the 
discussion on page 23 in the description of lineatocollis. 

Distribution. The species was described from eight specimens in the Na- 
tional Museum collection, collected by Coquiilett and C. F. Baker. Four 
females and three males of this series were collectcd f at Sierra Nevada, Cal., 
and another male was taken at San Bernardino, Cal. 

Location of Ttpes. Holotype and allotype m the National Museum collec- 
tion, Washington. D. C. 

Hosts. Unknown. 


Clastoptera proteus Fitch. 

(Plates III, V, IX, XIII, XVII, XXI, XXIV, XXV.) 

Fitch, Asa. Homoptera. New Yoik State Cabinet of Natuial History, p. 68; 1851. 

ORIGINAL DESCRIPTION. 

Head bright yellow, a black band on anterior margin of the vertex ami a 
broader one on the front; front polished, without transverse stri©; a callous 
black dot near the apex of the elytra; legs yellowish-white, tarsi black. 
Length, 0.16; males slightly smaller. Abundant on the panicled dogwood 
( Comm panicidcUa). Closely allied to C. atra (Germar), but on examining 
a host of specimens not one occurs m which the legs are annulated with black 
or fuscous. No. 722, female. 

This pretty insect, though so small in size, presents an astonishing number 
of subspecies and varieties so dearly and distinctly marked that at first glance 
they would be confidently regarded as well characterized species. The follow- 
ing are the more proiliineni, though by no means all, of the varieties that 
occur : 

Subspecies I — ftavicollis . Thorax entirely yellow, 
var. a — Elytra yellow. No. 723. 

var. b — Elytra with an oblique, blackish vitta. No. 724, „ 

Subspecies II — cinctocollis. Thorax With a black band. 

var. a— An interrupted black band on anterior margin of the thorax. 
No. 725. 

var. b — 'An entire black band on anterior margin erf the thorax. No, 
726. 
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Subspecies II — rinctocolU*--Conc\uded. 

var. o— Thoracic band crossing the disk instead of the anterior margin. 
No. 727. 

var. d— Band on the disk of the thorax, and scute! black. No. 728. 

Subspecies III ^rMusvUcdUs. Thorax with one or two diseoidal spots, 
var. a— A black spot on the disk and interrupted band anteriorly. 
No. 729. 

var. b — A black spot on the disk and anterior band entire. No. 730. 
var. c — Two black spots on the disk of the thorax. No. 731. 

Subspecies IV — nigricolliz. Thorax black, with a yellow band forward 
of the disk. 

var. a— The black band on anterior margin of thorax interrupted. 
No. 733. 

var. b — The band continuous. No, 734. 

var. c — Scutel black, with a yellow dot at its base. No. 735. 

var. d-~ Scutel entirely black. No. 736. 

AUTHENTICITY OF THE FITCH TYPES. 

Clastoptera prolew and its many subspecies and varieties, described by 
Fitch in 1851 have been, for some reason, the source of much confusion to 
systematists in this group ever since that time. In the literature one can 
scarcely find any two writers agreeing on any one form. Moreover a number 
of mistakes m nomenclature have been made. The result is that the group has 
been woefully mixed up from beginning to end. It would appear, then, that 
the first and easiest thing to do in settling the question would be to study the 
Fitch types themselves. Howe\ or, this does not prove to be the simple task 
it at first seems to be. In the first place there has been some misunderstand- 
ing in regard to the location of the Fitch types The National Museum au- 
thorities are inclined to believe that they are found m the National Museum 
collection, while others maintain that they are to be found in the Albany 
State Museum. This question has been investigated by Dr. Herbert Osborn 
quite thoroughly. In a letter to the writer he remarks: 

“My opinion is that where the numbers on the specimens agree with the 
numbers m Fitch s published description they should be types, although where 
specimens in the National Museum agree with those at Albany there would of 
course be no debate as to what the species is. The National Museum set was, 
as I understand it, a duplicate set kept by Doctor Fitch, and after his death 
sold with other material, and finally acquired by the National Museum. In 
some respects it might be thought more authentic than the set deposited m 
Albany, but the fact is that for many of the species, at least, the numbers given 
in the descriptions coincide precisely and references to sexes agree with the 
specimens in Albany. In such cases there seems little room for doubt that 
the Albany specimens were the ernes actually used for description,” 

On the case containing the types at Albany is pasted a label which Dr. E. P. 
Felt states was placed there by Mr. Lintner. The wording of this label is as 
follows: “Arranged by Doctor Fitch in 1850. Transferred to this case in 1879. 
-Contains 575 species and 5 subspecies of types of Doctor Fitch ” 

Furthermore, in Lintner 's Ninth Report of the State Entomologist of New 
York, which contains a copy of Fitch's original paper*’ Lintner gives the fol- 
lowing explanation as a preface to the latter: 
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‘The case of Homoptera, arranged by Doctor Fitch to accompany and 
illustrate the catalog — each specimen indicated by name and number cut 
from the catalog — was placed in the collections of the New York State Cabinet 
of Natural History in 1850. During ensuing years it became infested with 
Anthrenus and other museum pests and a number of specimens were destroyed. 
In 1879 those that had escaped destruction were removed and arranged with 
the original labels in a new case, which has since been in charge of the state 
entomologist in his office in the capitol. A slip attached to the case states 
that it contains the types of fifty-four species and five subspecies described 
in the catalog. The Psyllid® were all destroyed; of some of the Aphidid® 
portions are remaining. In the other families, the structural features remain 
for comparison, bul the colors have become so seriously impaired that they 
would be almost valueless for study” 

During the summer of 1927 the writer was fortunate enough to be able to 
study the type specimens which are kept in the Albany Museum. The speci- 
mens in this collection all check according to number with the published de* 
scription. However, it was very disappointing to find that, as mentioned by 
Lintner, some specimens had been destroyed and all the specimens were con- 
siderably faded. In fact they were so faded that superficially all the specimens 
appear to be yellow. Yet that they have faded cannot be doubted when the 
following facts are considered: First, the fact that Lintner mentioned that 
the colors of a great many of the Fitch types were so impaired as to be value- 
less for study. Secondly, the fact that no black was found on any of the 
eleven specimens which have been preserved, while in the published descrip- 
tions Fitch mentioned black in several places. Still a third reason for be- 
lieving that they have faded is that the type specimens of Clastoptera pint 
Fitch, in the same collection, are yellowish forms, while pini characteristically 
is a uniform black species. Lastly certain specimens in the National Museum 
collection, which are supposed to be duplicates of the Albany ones still retain 
the black marks mentioned by Fitch in his original description. 

As for the National Museum specimens they apparently cannot be taken 
as types. In a sense they might be ranked as paratypes. They have been pre- 
served much better than the Albany species, in that they have not faded to 
the degree that the latter have. In this respect they have been of value in 
determining the true color of the real types, since Doctor Fitch must have had 
them before him when he wrote his descriptions. The labels on them, however, 
seem to be more or less valueless as the specimens do not check accurately 
with the corresponding labels on the Fitch types at Albany. This might be 
due to the fact that Fitch used color characteristics that are untenable, as will 
be discussed later under description of color. 

writer's descrimion. 

Size. Length: $ 3.6 mm. to 42 mm. W idtfe; 5 2.4 mm. 

Shape. A pear-shaped species, of medium size, more obovate than 
hyperici or saint-cyri, and yet not as elongate as some other species in the 
genus such as osborni and solids. 

Structural Details, Vertex slightly depressed transversely, anterior margin 
barely carinate* Jront (tylus) anteriorly rounding and extending beyond 
vertex for at feast two-thirds the length of the latter. Ocelli located about 
halfway between the anterior and posterior margins of the vertex and the 
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distance between the two ocelli about one-half the distance between each 
ocellus and eye. Length of eyes about one-fifth total width of head. Post* 
clypeus greatly inflated, wising abruptly from sides of cheeks when viewed 
ventrally, length about one and threeyfourths times the length of the ante* 
clypeus, width somewhat greater than combined width of one gena and eye. 
Pronotum bare and shining, broadly and shallowly wrinkled with the wrinkles 
sometimes hardly distinguishable, and numbering from twelve to sixteen or 
seventeen, anterior margin rounding, posterior margin deeply emaxginate and 
lateral margins diverging. Scutellum about two-thirds as wide as long. Elytra, 
length of each elytron about two and one-half times greater than width, 
narrow at base, then lateral margins diverging so that the widest part of 
body is just anterior to a line extending from apex of clavus to costal margin, 
from which point it abruptly incurves to rounded apex, its surface bearing 
relatively few hairs as compared with the other members of this group. Wing 
venation, cell Its of elytron slightly wider than long or as wide as long, cell 
Hs shorter than first M*, apical callous (bulla) round and comparatively 
small, occupying only approximately half of cell Hi. 

External genitalia: Pygofer of female, length equal to width, exceeded by 
ovipositor by one-third of its length, ninth stemite about one-half length of 
lateral valve of ovipositor; male genital plates broad at base, inner margins 
rounding to a blunt apex, separated approximately three-fourths their length 
on median line, with styles exposed beyond genital plates about one-fourth 
length of latter. 

Internal genitalia: Lateral valve of ovipositor roundingly pointed; dorsal 
valve with basal half of inner or dorsal margins united, the free apical margins 
bearing coaree, shallow, irregular teeth, approximately eighty in number and two 
notches, a smaller and almost indistinct one at point of union of the two 
valves, and a much deeper one at apex of middle third of valve; inner valve 
bladelike, narrow at base and tapering to a slender apex. Male style broad and 
stlout, base extended into a flap and base of apical fifth bearing laterally a re- 
curved hook, after which it tapers to a dorsad-curving, sharply pointed apex; 
connective roughly triangular, twice wider than long, ccdagus a straight rod 
with rounded apex. 

The writer has retained three color varieties for this group, namely proteua, 
nigricollis and osceola. The reasons for doing this are set forth in the follow* 
ing paragraphs. 

Fitch in his original description makes four subspecies and thirteen varieties, 
based entirely on color characteristics of pronotum and scutellum. He men* 
tions the elytra only with reference to the varieties of the subspecies flavicdUs . 
Furthermore he states that there are an astonishing number of these varieties 
and says that those which he described in his paper are the “more pro minent , 
though by no means all of the varieties.” From this it may be inferred that * 
Fitch had on hand a series of specimens which varied in color a good deal but 
which he nevertheless considered as one species. It was unfortunate that he 
chose color characteristics of the pronotum and scutellum only on which to 
base his varieties, as these appear to bo too unstable for use. Moreover, he 
complicated things still more by being none too clear in his description of the 
type form, As a result subsequent writers for some reason, perhaps because of 
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its greater numbers, got into the habit of calling the dark form which has the 
yellow and black areas in sharp contrast, and which Fitch described as his 
subspecies No. IV, nigricollis, as the typical form of proteus. Then when a 
study of the types at Albany was made *t was surprising to learn that the type 
specimen bearing the number 722, which is the first in the series of Fitch’s 
description, has no black on the wings at all. Also, at first glance it appeared 
that all the other specimens were yellow forms. If this were true, it was 
apparent that the abundant yellow and black form so commonly taken for 
proteus would have no place among the Fitch varieties. Doctor Ball (1927) 
is inclined to this opinion and gives the following interpretation of the Fitch 
types: 

“Fitch’s description is incomplete as he does not mention the color of the 
pronotum, scutellum or elytra, and the writer inferred that he was describing 
the common form, with the yellow and black areas on these parts in sharp 
contrast, and in this all subsequent revisers have apparently concurred. Im- 
agine, therefore, the surprise to find the type of proteus a pure yellow with 
only the narrow band on vertex and the bulla black. Fitch described all the 
black there was, and simply failed to mention the yellow parts. The writer 
suggested that all Fitch’s subspecies belonged to the yellow group, and in that 
he was correct, but he did not expect to find the, species itself to be the 
yellowest of all. Fitch’s subspecies were discarded, partly because the writer 
did not know that the rules gave them the same status as species names, and 
partly because at that time the types were supposed to be lost and it was not 
thought possible to tell what they were, as only one color character was given. 
On stiidying the types, which arc well preserved, it was found that the one 
color character given is all they have in addition to that giircn for the specie#. 
And what vox gwen for the species teas all it had , so the combination make* a 
complete description in each case. 

“Fitch’s subspecies all belong 1o the yellow group which was included under 
flava , and will hereafter be known as proU us, but as they, in their variation* at 
least, represent different lesser types, they may be retained by those who wi>h 
to subdivide.” 

The writer, however, after studying the Fitch types at Albany, as well as the 
so-called Fitch types at the National Museum, together with other interesting 
data obtained, is unable to agree with Doctor Ball entirely in regard to these 
forms. In the first place Doctor Ball seems to have ignored entirely the ques- 
tion of fading. That this has happened seems apparent for the reasons ex- 
plained m a preceding paragraph. To make this matter clearer it might be 
advisable to describe the type specimens in detail, at the same time comparing 
them with the published description. The specimens numbered 722, 723 and 
724 in the Albany collection have the head, thorax and base of clavus an 
opaque yellow, while the rest is more or less hyaline yellow of a grayish cast. 
The band on clypeus and vertex is light brown and the bulla is yellow. (See 
paintings.) In his description Fitch speaks of “a black band on the anterior 
margin of the vertex in No. 722, and a broader one on front; a callous black 
dot on apex of elytra.” He distinguishes No. 724 from the other two by the 
presence of an oblique, blackish vitta on the elytra. The specimen now has 
the vitta faded to a light brown. 

Only two varieties of the second subspecies, cincfacollis, were preserved, No. 
726 and No. 728 not being found in the collection, evidently having been 
destroyed. No. 725 and No. 727 are like the varieties of fiavicoUis in regard 
to the elytra. The yellow pigment of the head, tfcorax and clavus is distinct, 
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while the rest of the wing is a pale, greyish-tan or more or less hyaline. In his 
description, Fitch separates these from the other subspecies by the presence of 
a black band either on anterior margin or crossing the disk of the pronotum. 
In the type specimens the so-called black bands are a light or faint brown, 
sometimes barely discernible. 

The third subspecies, maculicollis, Fitch characterized as having one or two 
black spots on disk. In all cases the spots were very light brownish instead of 
black. In No. 731 there was no indication of two black spots at all, as 
mentioned in the description, but rather the entire posterior half was washed 
in a light brown. 

The last subspecies mentioned by Fitch is nigricollis, of which he says: 
“Thorax black, with a yellow band forward of the disk.” He makes four 
varieties based on variations of the black band and color of the scutellum. The 
types of nigricoUis have evidently undergone the same degree of fading as the 
others. Here the typical opaque yellow stands out plainly, but the rest of the 
elytra is a distinct tanmsh-brown, distinctly darker than any of the types of 
Fitch’s other subspecies, indicating clearly a pattern derived by the fading of 
the black wings of the common yellow and black form, commonly termed var. 
proteus and lately called var flava m Ball’s last paper. No black, of course, 
'was found on head and thorax, but was replaced by a light brown as m all 
the other preceding forms. The variations of the scutellum in this subspecies 
described by Fitch can be duplicated in our present-day collections of the 
common form. 

It seems logical to suppose, theiefore, that since the parts that were de- 
scribed as a deep or shining black, such as the band on the face, and the 
markings of the thorax, have faded to a light brown; that the brownish color- 
ing of less intensity^ on the hyaline corium has also resulted from the fading 
of black markings on the elytia. A number of specimens on hand for study 
at the present time suit the description of the subspecies cincticollis and mac- 
lAirolhs in regard to head and thorax, but they all have the elytra washed in 
smoky-grey or brown. Similarly specimens of nigricollis show the elydra black. 

In view of the above facts the writer thinks that m the large sense, Clastop- 
tera proteus, Fitch would include forms \ ary mg from those which are mostly r 
yellow to those that are almost entirely black. Furthermore that m this group 
there are only three color varieties that are substantial enough to be of service 
m classification. The color chaiacteristics of thorax and scutellum which Fitch 
used are too variable to be of any use. One can find any number of variations 
of these characters, and they all grade into each other so slightly' that it would 
be impossible to name them all. From a study of some four hundred speci- 
mens they seem to fall into three more or less distinct groups. Thirty-eight 
of these were of the all black type, thirty-eight of the yellowish or smoky 
forms with yellow pronota, and all the rest were the common variety where 
the yellow and black areas on the elytra stand out in sharp contrast. The 
latter has the thorax black with a yellow band cephalad of the disk, as de- 
scribed by Fitch under his subspecies nigricollis .• In this series of over three 
hundred specimens the thorax is always of this type. Therefore it seems 
evident that it was the form described as nigricoUis by Fitch and that it has 
very stable characteristics. Moreover, in the duplicate collection owned by 
the National Museum there are specimens of this common variety showing 
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this coloration distinctly, so that Fitch evidently had them before him %h 4ft 
he made his original descriptions. The name ffava, given to this form by 
Doctor Ball, would therefore be synonymous with fitch's mgricollit. For the 
extreme black form the writer retains the name oeceola, given to it by Doctor 
Ball (1027). It is easily distinguishable from all other proteu* forms by its 
extreme blackness, so that it warrants varietal standing without a doubt. 
This, then, leaves the yellowish forms to be taken for the true variety proteu*. 
This variety includes Fitch's subspecies flavicolUs, dncticollU and macvlieottis, 
or in other words all the forms having either an entirely yellow pronotum 
or bearing various slight markings of brown or black, and with the elytra 
yellow at base of clavus, and rest either hyaline or washed in varying shades 
of smoky-brown. In some cases the elytra almost border upon those of nig- 
ricollis. For this reason certain workers might prefer to differentiate between 
those having the elytra yellow or hyaline and those with the smoky or darker 
ones. Doctor Ball (1927) described a new variety, Clastoptera proteus var. 
semimtda, which is of the smoky type. Since the thorax fits the description 
of Fitch s subspecies cincticolhs , and if one takes into account the fading of 
the original type it seems to the writer that they ar^ the same thing. In that 
case, if one were desirous of making a variety of this smoky form it would 
have to bear the name dncticolhs. However, since the coloring of the thorax, 
as well as the amount of dark on the elytra in these yellowish forms, seems to 
be very variable it hardly seems advisable to try to separate them too care- 
fully. Besides it is possible that these f*pecimens are teneral forms which were 
taken before they had a chance to acquire their full coloring. This has 
occurred in other species of Cercopidae and it is not unlikely that it could have 
happened here. But since this is hard to demonstrate satisfactorily, and since 
Fitch evidently took all yellow specimens for his type, and his subspecies flavi- 
collis at least, it will have to stand as the true proteus. 

Clastoptera proteus var. proteus Fitch. 

Clastoptera proteus Fitch. Fitch, Asa. Homoptera, New York State Cab. Nat. Hist., p. 58; 

1851. 

Clastoptera proteus var. ftavtcolhs Fitch Fitch, Asa Homoptcra, New York State Cab. 

Nat. Hist , p. 58; 1851. 

Clastoptera proteus var macvheollxs Fitch. Fitch, Asa. Honiopteia, New York State Cab. 

Nat. Hist., p. 58; 1851. 

Clastoptera proteus var. cincticollis Fitch. Fitch, Aaa. Horaoptera, New York State Cab. 

Nat. Hist., p. 58; 1851. 

Clastoptera proteus var. semtnuda Ball. Ball, £. X), Can. Ent., vol. LIX, p. 108; 1087. 

writer's description. 

Color. Head yellow, vertex with an irregular black band on anterior mar- 
gin, becoming wider at ocelli, eyes dark. Pronotum entirely yellow or marked 
in brownish-black in the form of a band on anterior margin, or one crossing 
the disc, or with one or two discoidal spots, or entire pronotum margined in 
brownish-black. Elytra, anterior two-thirds of clavus opaque bright yellow, 
corium at base tanpish or very light brown, rest varying from pale hyaline to 
dark smoky, sometimes with a darker cloud across middle but never getting 
entirely black as in nigricollis and osceola, apiqal callous black. Face with a 
bread, shining black band across anterior half of postclypeus, and all of face 



Dgebing: The Genus Clastoptera. 


41 


below the antennal cavities, excepting the mandibular sclerites or Occasionally 
the gen® mottled; beak with last segment dark brown. Legs yellowish-white, 
with tarsus of anterior two pairs of legs washed in brown, a longitudinal dark 
stripe down femur and tibia, and with a dark nag around base of tibia. Hind 
legs yellowish, with last segment of tarsus and spines dark. Mesostemum yel- 
low with touches of dark ; metasternum and abdomen yellow mottled with dark, 
and in a few darker specimens almost black. 

Distribution. Doctor Ball states that “tins species is common throughout 
the Northeastern states and eastern Canada, extending west to Montana and 
Northern Utah, where it is rare. The writer has not taken it in Colorado and 
California where much collecting has been done, rather indicating that it will 
not be found in the arid southwestern region outside of the higher mountains. 
It extends south to Florida and Texas, where it is again rare, probably owing 
to the hot summer. Forms from Hayti and Mexico seem to be varieties of 
this species.” 

Doctor Ball’s statements refer to the species and its varieties together. 
The variety proteus is not very common as compared with the variety rngri- 
collis. From the various collections m the hands of the writer only thirty- 
eight specimens of the former were found. The labels on these specimens 
showed that this variety has been taken in the following states: Iowa, Kansas, 
Massachusetts, Missouri, New York, South Dakota, Wisconsin and Ontano 
It apparently has the same distribution as mgncollis. In Kansas, where the 
majority of the thirty-eight specimens hat e been taken, it was always collected 
along with nigricollts . 

All of these specimens at hand for study, as well as the Fitch types in 
Albany, were females. 

Location of Types. Fitch collection, New York State Museum, Albany, 
N. Y. 

- Hosts. In Kansas it is taken on dogwood. Fitch in his description states 
that it was abundant on the panicled dogwood ( Cornu * paniculata). Doctor 
Osborn (1916) referred to it as the “dogwood spittle bug.” 

Clastoptera proteus var. nigricollU Fitch. 

Claatoptera proteua var nigneolhi Fitch Fitch, Asa Homoptera, New York State Cab. 
Nat. Hurt., p. 68; 1851. 

Claatoptera protef Fitch. (Claatoptera aamt~n/ri). Prov. Petite Faune du Entomologique, 
p 858; 1885. 

Claatoptera proteua vai proteut Fitch Van Duaee, E P Cat of Hemiptera, p. 519; 1917. 
Claatoptera proteus Fitch. McAtee, W L Cercopidie of the Vicinity of Washington, D. C., 
Proc. Ent. Soc. Waah , vol. 88, p 171, 1920 

Claatoptera proteua var. candem McAtee. Cercopid® of the Vicinity of Washington, D. C., 
Proc. Ent. Soc. Waah., vol 88, p 175; 1920 

Claatoptera proteus var. aamt-cyn Prov. Steams. L. A Hemiptera Conn., p. 284; 1983. 
Claatoptera proteua var. Hava Ball. Ball, E. D. Can. Ent. LIX, p. 108; 1927 

writer's description. 

Color. A black, yellow and brownish variety. Front yellow, vertex bright 
yellow with a broad black band on anterior margin, reaching ocelli. Eyes brown 
or grayish-brown. Pronotum shining black with a bright yellow band on 
anterior portion. Scutellum usually entirely black, sometimes with a yellow 
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spot at base, occasionally the entire scutellum yellow, margined with black. 
Elytra, anterior three-fourths of clavus opaque yellow, rest dark brown, fading 
to brownish-hyaline at apex, corium with a median dark brown or blackish 
cloud, rest brownish-hyaline except the black apical callous, which is margined 
in yellow and a clear hyaline area anterior to and surrounding the apical callous. 

NOTES ON SYNONYMY. 

McAtee (1920) established a variety of this form which he called CUxstoptera 
proteus var, candens. The following is the original description of the variety: 

“Like var. proteus, except that anterior two-thirds of clavus, scutellum, bands 
on pronotum and vertex and face are orange-red, instead of yellow, and other 
pale markings are ruddy-tinged. Length 335 to 4 mm. Type, a female. Mt. 
Vernon, Va., June 27, 1915, on Cornu*. W. L. McAtee. Two paratypes, same 
data.” 

To the writer this does not seem to be a good variety. As McAtee himself 
says, certain climatic conditions may effect the yellow pigment of this species. 
He gives the following discussion : 

“The high color of these specimens is not due to the influence of cyanide in 
the killing bottle, such as is sometimes observed in specimens of bees in the 
genus Nomada and certain other insects, but was noted at the time of collec- 
tion. Certain animal pigments seem to be quite unstable, and the yellow of 
Clastoptera proteus may be another instance. Crawfishes turn red after cook- 
ing, digestion in a birds stomach, or weathering after death; and one of the 
species of southern range ( Cambarus rlarkii) is bright red in life. Some of the 
Eumenidse having yellow marks in the north are red-patterned in the south. 
It would appear, therefore, that climatic factors affect certain pigments of 
living animals in the same way that chemical processes are known to affect 
them in the dead. The present newly described variety of C. proteus may be 
an example of such effect.” 

Doctor Ball states that this variety has been taken only from Viiginia. 
Specimens from New Jersey are m the American Museum collection. Also one 
specimen has been taken from Michigan and one from Kansas. The first of 
these is orange on one elytron only. This would lead one to infer that this 
coloring is not constant enough to establish a new variety. Besides, the writer 
has found three specimens of Clastoptera sabcis where the yellow ha* turned 
orange, and several other specimens where the legs and parts of body are 
tinged with orange, particularly on the under side of body. 

Distribution. The variety nigricolhs seems to have a very wide distribu- 
tion, as mentioned by Doctor Ball under his discussion of the species. The 
writer had on hand for study specimens from the following states: California, 
Ontario, Colorado, Connecticut, Illinois, Iowa, Kansas, Massachusetts, Michi- 
gan, Minnesota, Mississippi, Missouri, Nebraska, New Jersey, New York, 
Ohio, Pennsylvania, South Dakota and Wisconsin. It has been reported from 
the following additional states: Florida, Maine, Montana, New Hampshire, 
North Carolina, Texas, Utah and West Virginia 

The proportion of males and females is approximately equal, with perhaps 
a few more females than males. 

Location of 'J'yyss. Fitch collection, Albany State Museum, Albany, N. Y. 

Hosts. This/ like the variety proteus, has been taken on dogwood. Speci- 
mens in the National Museum collection have been taken from the Arnold 
arboretum, Boston, Mass., and were swept from Vaccinum spp., Cornu* albus 
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roaenthalii, Cornua rocemoaua , and Comus amoemum. Van Duzee reported 
it from blueberry. 

Clastoptera proteus var. osceola Ball. 

Ball, E. D. Can. Ent., vol. 58, p. 108; 1027, 

ORIGINAL DESCRIPTION. 

All black above, except the three anterior yellow bands, a spot on scutellum, 
a yellow area at the base of elytron, and a light area before the bulla. In the 
darkest examples only the two anterior yellow bands remain. 

Holotype female, Toronto, August 8, 1924; allotype male, Kingston. August 
5, 1924; and three pairs of paratypes from the same localities and Osceola, 
Wis., all collected by the author. 

writer’s description. 

Color. Mostly a black form with yellow and brownish markings. Front 
yellow, vertex with a bioad black band on anterior margin, reachmg ocelli. 
Eyes brown. Pronotum shining black, except for a bright yellow band across 
anterior portion. Scutellum all black. Elytra, usually with anterior three- 
fourths of clavus and a broad median cloud black or dark blackish-brown, 
sometimes a faint indication of yellow at base of clavus, rest of elytron brown- 
ish-hyaline, excepting for the costal cell between apical callous and black area 
which is clear hyaline. Apical callous black, margined anteriorly with yellow. 
Face with a broad, shining black band across anterior half of postclypeus, and 
all of face below the antennal cavities black excepting the mandibular sclerites, 
or occasionally the genie mottled. Leg" yellowish-white, with tarsus of anterior 
two pairs of legs washed m brown, a longitudinal dark stripe dow T n femur and 
tibia and with a dark ring around bast* of tibia. Hind legs yellowish with last 
segment of tarsus and spines dark. Mesosternuin brown. Metastemum yellow 
and abdomen usually black. 

Comparative Notes. This variety differs from the var. niqricolli * in that it 
has at most but a faint suggestion of yellow at base of clavus, and usually none. 
It more nearly resembles C. samtsyri var. ancep <? than it does var. nigricollis, 
since the former is likewise an almost entirely black form. It can be dis- 
tinguished readily enough from the variety ana pa, however, both by color and 
structure. The latter bears no yellow markings at all on its dorsal surface, 
while osceola has two or three anterior yellow bands on vertex and pronotum. 
Structurally the two species differ in the following respects: In anceps the 
female specimens, at least, have the front much more inflated, the front more 
strongly produced anteriorl> beyond vertex and head, and anterior part of 
prothorax held more vertically than in osceola . Moreover, anccps is a shorter, 
stouter species than osceola. In osceola the black band on the face is only, 
one-half the length of the postclypeus, while in anceps it is always two-thirds 
of the length. The ovipositors differ in the following respects : In dneeps the 
ninth stemite is longer proportionately to the lateral valve, and the lateral 
valves do not extend beyond the pygofer nearly as much as in osceola; while 
the dorsal valve is much broader and shorter, the notches are more pronounoed 
and the teeth are more numerous, regular and deeper in the former than in 
the latter. The base of the ventral valve is expanded* in anceps , but decidedly 
narrowed in osceola. 
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Clastoptera protein var. oeceola might easily be confused with Clastoptera 
hyperid, which is aim a black form. It differs from this species in the following 
'Ways: Hyperid has an ovate body, tapering at both ends equally, and is 
widest directly through the middle, while osceola is widest eaudad of the 
middle from whence it abruptly tapers to apex, thus making the body rather 
pear-shaped. The easiest recognisable difference, however, is the color of the 
elytra; osceola has the apical portion all brownish-hyaline with a clear hyaline 
spot surrounding the apical callous, while hyperid is almost a solid black or 
very dark brown, with the exception perhaps of the membrane, which is only 
a trifle lighter and clearer than the rest of the elytron. The ocelli of osceola 
are located closer together than in hyperid , the distance between the ocelli in 
osceola equaling about one-half the distance between each ocellus and eye, 
while in hyperid the space between the ocelli is about three-fourths the latter 
distance. The front (tylus) in hyperid extends cephalad much farther than m 
osceola , usually as much as length of vertex, while in the latter it protrudes 
only about one-half the width of vertex. The clypeus of hyperid is likewise 
much more inflated than that of osceola. Another outstanding difference is 
that the elytra of hyperid are covered by twice as many hairs as in osceola or 
anceps and the hairs are of a much finer and longer texture. In hyperict the 
lateral valve of the ovipositor is shorter and decidedly more bluntly rounded, 
the ninth sternite is/ about two-thirds the length of the valve instead of being 
one-half as in the latter, and the inner valve is much wider and shorter. Also, 
this inner valve in hyperid entirely lacks the second prominent notch found 
on the inner margin of the valve, and the basal notch is not nearly as 
prominent as in osceola . The teeth of this valve in hyperid are very fine and 
regular, numbering approximately 110, while in osceola they are more irregular 
and number around 80. The middle valve of osceola is narrowed considerably 
at base, which condition is not found in hyperid. The male genitalia of 
hyperid has the lateral hook much longer in proportion to apical hook than in 
osceola. For comparison with xanthocephala see discussion under the descrip- 
tion of xanthocephala on page 76. 

Distribution. The variety osceola seems to have a more limited distribu- 
tion than nigricoUis. The type locality, according to Doctor Ball, is Canada 
and Wisconsin. In the Snow collection at the University of Kansas there are 
some thirty-eight specimens all taken from Michigan and Wisconsin. In other 
collections a few specimens are labeled from New York, New Jersey and Mas- 
sachusetts. Therefore this variety seems to be limited m its distribution to 
the Northeast. 

Location of Types. Collection of Dr. B. D. Ball, Sanford, $Ta. 

Hosts. This variety has been taken along with the variety nigricoUis , so 
its chief host plant is dogwood. One. Specimen in the National Museum col- 
lection bears a label stating that it has been taken from the Arnold arboretum, 
Boston, Maes., on Vacdnum sp. 
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Clastoptera scdnt-cyri Provancfaer. 

(Plate* in, V, IX, XIII, XVII, XXI, XXIV, XXV.) 

Clastoptera sa inUtyri Prov. Provaneiwsr, Nat. Can* IV, p. Z51; lB7t. 

ORIGINAL DESCRIPTION. 

Clastoptera scdnt-cyri nov. spec.— Longeur, 18 poucA Varte de jaune et de 
noir. Tete noire avec 2 bandes transvemles jaunes, Tune aur le vertex et 
1’autre rapprochee du bord ant6rieur. Eostre et baa des joues jaunes: thorax 
noir, avec une bande transversale jaune pres du bord ant&ieur. Elytrea avec 
2 bandes jaunes partant de l’6paule et se dirigeant obliquement vers la suture, 
sans se rencontrer; leur sommet brunatre, assez transparent, avec un point 
noir brillant vers l’extremit^. Dessous noir; pattes jaunes. 

Tr6s common. Tr6s rapproch6 du CL pini de Fitch par sa taille et sa forme, 
mais en diflterant grandement par sa coloration. 

Thus Provancher described this species in 1872 as a new species. Then in 
a second paper, published in 1885, he wrote a description of Fitch’s proteus 
wherein he mentions the clavus being yellow at base and darker at apex, and 
accompanies his description with an illustration. There is no doubt but the 
form he had in mind was C. proteus var. nigricolUs of Fitch. In this latter 
paper he states that his species saint-eyri is a synonym of Fitch's proteus and 
makes it a variety of proteus instead. 

writer's description. 

Sis®. Length: 9 3.45 mm. to 3.9 mm. Width: 9 2.25 mm. to 2.62 mm. 

Shape. A short, broad species, apparently the most globose and inflated of 
the Clastoptera series, with head and thorax more vertical when viewed from 
the side than in other species. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
not distinctly c&rinated. Front (tylus) usually produced cephaiad as much 
as the length of the vertex. Eyes with length about one-fifth of total width of 
head. Ocelli located halfway between anterior and posterior margins of 
vertex with the space between them a little over one-half the distance between 
each ocellus and eye. Poetclypeus very strongly inflated, length about one 
and three-fourths times length of anteclypeus, width somewhat wider than 
combined width of gena and eye. Pronotum bare and shining, broadly and 
shallowly wrinkled, with wrinkles sometimes barely distinguishable, numbering 
about 16 or 17, anterior margin rounding, posterior margin deeply emarginate 
and lateral margins diverging ; head and antenor part of prothorax when viewed 
from side more vertical. Elytra, length of one about two and one-fourth times 
its width, narrow at base, then lateral margins diverging so that widest part of 
body is just cephaiad of a line drawn from apex of clavus to costal margin,* 
from which point they abruptly round to apex; their surface covered by 
relatively few hairs, slightly more than in proteus but fewer than in kyperici 
or salicie* Wing venation, cell Rs of elytron slightly wider than long or almost 
equal, cell R s shorter than first M 4 , darkened portion of apical callous round 
and comparatively small, not reaching costal margin, but with rest of cell Hi 
sometimes thickened. 

External genitalia: Pygofer trifle wider than long, exceeded by ovipositor 
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one-fifth of its length, ninth stemite almost two-thirds length of valve. Male 
genital plates broad at base, inner margins separated approximately three* 
fourths of their length and rounding to a blunt apex, styles exposed about one- 
fOurth length of plates. 

Internal genitalia : Lateral valve of ovipositor roundingly pointed, decidedly 
shorter and broader than in proteus; inner valve with basal part of inner 
margins united and free apical portions bearing fine, deeply notched teeth, num- 
bering around 108, and with two well-pronounced notches, one located at point 
of union of the two valves and the other at base of apical third; inner valve 
bladelike, not much narrower at base and tapering to a pointed apex. Styles 
of male broad and stout, base extended into a flap, apical fifth at base bearing 
laterally a recurved hook, from whence it tapers to a long dorsad-curving, 
sharply pointed apex; connective, roughly triangular, twice wider than long, 
cedagus a straight rod with a rounded apex, which is always more or less curved 
dorsad. 


Claatoptera saint-cyri var. saint-cyri Provancher. 

Claatoptera aamt-cyn Piov. Provanchei. Nat Cnn. IV, p. 851; 1872. 

Clasloptera proteua var. vittata Ball. Ball, E I). Pioc. *la. Acad. Sci. Ill, p. 187; 1805. 
Claatoptera proteus var. vxttata Ball. Van Duz^e, E. P. Catalogue of Heraip. ; 1017. 
Claatopteia proteua voi. vittata Ball. Stearns, L. A. Heinip. Conn., p. 284; 1923. 
Claatoptera proteua vai. aatnt-iyri Piov. Ball, E. D Can Ent. L1X, p. 107; 1927. 

writer’s DESCRIPTION. 

Color. Dark brown or black, mstrked with yellow. Vertex with anterior 
black bordei, reaching ocelli, the rest yellow. Pronotum black with black 
anterior margin followed by a yellow band of varying width, extending tp 
base of eyes or sometimes a second broad yellow band caudad to first one, 
which may be reduced to a spot or enlarged so as to occupy the posterior part 
of pronotum in varying degrees. Scutellum usually black with a yellow spot 
on apex, or occasionally all black. Elytra blackish-brown and yellow, clavus 
appearing stripod, due to two yellow diverging bands which start together at 
base, the inner extending three-fourths the length of the clavus, leaving a 
narrow black border along the elytral margin, and the outer extending along 
the claval suture, often posteriorly divided by a black line, the apex of clavus 
brownish-hyaline, corium dark brown with the explanate costal margin 
brownish-hyaline, a jagged oblique yellow band across middle, and the apical 
third brownish-hyaline with the exception of the costal cell anterior to the 
apical callous which is hyaline, and the apical callous itself which is black 
surrounded by yellow. Face with a a shining black band extending caudad for 
three-fifths the length of the postclypeus, and dorsad on front for at least half 
its length, making the yellow band at b*se of front which is viewed from above 
only half as wide as in the other metobets Of this proteus group, the anterior 
margin of black band almost straight across to the posterior comers of the 
mandibular selerites instead of being strongly convex between these points as 
in proteus; gen® all black excepting the mandibular selerites; unteclypeus 
yellow with a dark spot in center. Legs pale yellow, excepting a longitudinal 
streak on anterior two pairs of femora, and tibi® and tarsi black. Hind legs 
entirely yellow, with the exception of the Jast tarsal segments and spines on 
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tibiae and tarsi, which are dark brown or black. Mesosternum dark brown. 
Metastemum yellow. Abdomen brown or black. 

Comparative Notes. See notes under this heading in the description of 
Clastoptera Galich. 

Distribution. A large series has been taken in Michigan. Provancher says 
it is very common in Canada. Other states in which it has been taken are 
Connecticut, Maine, Maryland, Massachusetts, Michigan, New Hampshire, 
New Jersey, New York, Ohio, Pennsylvania and Wisconsin. 

One hundred and thirty-two specimens were available for study, all of 
which were females. 

Hosts. Doctor Hungcrford states that this variety has been taken in Michi- 
gan, sweeping the same low vegetation on which anceps is taken. In the National 
Museum collection are specimens from Boston, Mass., which bear the same 
data on their labels as some specimens of ('lastoptera proteus var. osceola and 
var. nigricollis. One specimen was taken from Vaccinum sp., one from shrub 
collection, one from Lcucothce sp. and one swept from Gyluscacia sp. An- 
other set of eight was labeled “Reared from Cranberry.” Six of these were 
striped saint-cyri females and two were black males of the typical anceps type. 
These eight are mounted on two cards, on one four females and on the other 
two females and two black males. 

Clastoptera saint-cyri var. anceps MeAtee, 

(Plates III, V, IX, XIII, XVII. XXI, XXIV, XXV.) 

Clastoptern proteus M»r. anttp * McAfee. McAfee, W L. Cercopidie of the Vicinity of 
Washington, D. C, \uth Disruptions of New Varieties of Clantoptera Proc. Bio. 
Soe. of Wash. 88, p 174 ; 1920 

Clastoptera protiun subftp nigra \ar. b Ball. Ball, E. T). Proc. Ia Acad. Sol. Ill, p. 187; 
1895. 

Cla$topfera protean var. pirn Fitch Steams, L A Hemiptero of Conn.; 3928. 

4 Clastoptira p otiu* \ar. atucptt MeAtee. Ball, E. P Can Ent. I.IX, p. 100; 1927. 

According to MeAtee and VanDuzee the name nigra is preoccupied by 
Clastoptera nigra Germar. Therefore Doctor Ball’s original varietal name 
cannot stand. This .species is not synonymous in the least with Clastoptera 
pint, as VanDuzee and Sttarns both thought. A new name was therefore 
necessary, which was supplied by MeAtee (1920). MeAtee, however, placed 
it as a variety of proteus . Structurally it differs from proteus, but resembles 
saint-cyri. so that it must be placed as a variety of the latter. 

Ball (1927) lists his variety nigra as being synonymous with hyperiei. Ac- 
cording to his original description (1895) it seems evident that his var. a was 
the same as C. proteus var. osceola because of the yellow band on vertex, while 
his variety b probably referred to anceps. Specimens which he sent to the 
writer for study labeled nigra were typical forms of the variety anceps. 

ORIGINAL DESCRIPTION . 

Black above, tegmina posterior of apical callous yellowish-hyaline, explanate 
margin anterior of middle of costa sometimes same oolor; costal margin just 
anterior of apical callous clear hyaline; black below, except lower part of face, 
clypeus, beak, most of pectus, and legs which are pale yellow, with the fol- 
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lowing parts dark; an elliptical spot on clypeus, tip of beak, lengthwise streak 
on anterior two pain of femora, and tibia and tarsi except the hind ones* of 
' whjich the spines and terminal joints are dark. Length 2.75 to 325 mm. Type, 
a male; Beltsville, Md., June 14, 1914, W. L. McAtee. Paratypes, with same 
data, also same locality, July 4, 1915, W. L. McAtee; and Cranberry Lake, 
N. Y., August 5, 1917, C. J. Drake. 

writer's description. 

Sise. Length: 9 3.75 mm. to 4.05 mm.; $ 2.75 mm. to 32 mm. Width: 
9 2.55 mm. to 2.85 mm.; $ 12 mm. to 225 mm. 

Color. All black and brown above, front and vertex shining dark brown 
or all black. Eyes light to dark brown. Fronotum shining black. Scutellum 
all black. Elytra with anterior three-fourths of clavus and a median large 
spot across conum pitch black, rest of wing brownish-hyaline except for the 
costal cell between apical callous and the black spot, which is clear hyaline. 
Apical callous black margined anteriorly with yellow. Face, postclypeus with 
a shining black band on anterior three-fifths or two-thirds, rest of face black 
excepting mandibular sclentes and anteclypeus, the latter with a central black 
spot, labium dark at tip. First two pairs of legs fellow except for a longi- 
tudinal brown stripe on femur and tibia, the latter with a dark spot running 
into the longitudinal stripe, the tarsus entirely brown. Hind legs all yellow, 
excepting last tarsal segment and spmes which are dark brown or black. Meso- 
sternum, excepting median portion and abdomen, black. 

Comparative Notes. C. proteus var. (triceps may be easily mistaken for any 
of the other dark species found in the genus. For comparison with C. proteus 
var. osceola , which it closely resembles, see discussion on page 43. 

Likewise it resembles C. hyperici very closely, but can readily be dis- 
tinguished by the following characteristics : The body of hyperici is more oval 
in shape than anceps is, tapenng at both ends equally and widest directly 
through middle of body, while in anceps the body is widest posterior to middle 
or just anterior to a line running from tip of clavus to costal margin. Also 
anceps is proportionately broader than hyperici. The easiest recognisable 
difference, ^however, is the color of the elj’tra; anceps has the apical portion all 
brownish-hyaline with a clear hyaline spot anterior to apical callous, while 
hyperici is almost a solid black or very dark brown, with the exception, per- 
haps, of the membrane, which is only a trifle lighter and clearer. The ocelli 
are located closer together than in hyperici , the distance between the ocelli 
in anceps equaling about one-half the distance between each ocellus and eye 
while in hyperici the space between the ocelli is about three-fourths the latter 
distance. Another outstanding difference is that the elytra of hyperici bear 
about twice as many hairs as do those of mceps and are longer and of a much 
fiuer texture. The lateral valve of the oviposter of hyperici is much shorter 
and decidedly more bluntly rounded than the other. The dorsal valve is 
shorter and therefore wider in hyperici , and only bears a faint indication of 
one notch at point of union of inner margins of the valves, while anceps bears 
two very distinct notches. The teeth of this valve are equal in number, 
namely, about 110, with those of anceps , but since the valve is much shorter 
and smaller they appear to be more numerous, and in actual width are about 
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half the m*e of the teeth m anceps The male gemtalia are very similar, the 
chief difference being that the base of the apical hook m ancep « seems to be 
somewhat m6re slender than that of hypenct. 

For the comparison with C bmotata and C. sierra, see the discussion on 
page 31, and for comparison with the males of C brunnea, C. lineatocoM 9, see 
the discussion on page 23 For comparison with xanthocephala , see the dis- 
cussion in the description of the latter, on page 76 

Distribution Specimens have been taken from Maine, Maryland, Mas- 
sachusetts, Michigan, Montreal, New Jersey, New Hampshire, New York, 
Rhode Island, Washington, D C , and Wisconsin A large senes was obtained 
by Dr, H. B Hungerford, Mr Charles Martin and Mr Edward Bectea from 
Douglas Lake, Mich 

Approximately 188 specimens were examined Of this number only 63 were 
females and 112 were males 

Location of Types In the collection of the National Museum, Washington, 
D C 

Host Plants. Doctor Hungerford took this species in Michigan when 
sweeping low vegetation It was taken along with saint-cyn In distribution 
they appear to be about equal in number to the latter, although anceps, perhaps, 
is a trifle more abundant than s aint-cyn Anceps has also been taken, ac- 
cording to labels, at Boston, Mass, m the Arnold arboretum, apparently 
along with saint-cyn, mgncolhs and osceola on Vaccvmim sp Specimens of 
this variety have also been taken at Mount De«ert, Me , along with saint-cyn 

Clastoptera saltcis Doering 

(Platee III \, IX, XIII, XVII, XXI, XXIV, XXV ) 

C la tt opt fra tethers Doenng Doering K C Ann Ent Soc Am 19, p 85 192S 

Ckuloptera protevi var sa/ins Doering Ball, t D Can Ent LIX, p 107 , 1027 

ORIGINAL DESCRIPTION 

Size Length 9 44 mm to 5 2 mm , S 4 mm Width 9 24 mm to 2.8 
mm , S 24 mm 

Shape. An elongate, slender form, in size equaling some of the larger forms 
in the genus 

Color Dark biown or black, and conspicuously marked with yellow Ver- 
tex with an tenor black border, reaching ocelli, the rest yellow. Face, anterior 
third or two-fifths of postclvpeus and all of gen® black the rest of the face 
yellow, labium daik at tip Pronotum black, with black antenor margin fol- 
lowed by a yellow band which extends to the bases of the eyes, and with a 
second yellow band on postenor half, which ma> be reduced to just a spot 
or be entirely lacking. Scutellum, usually entirely black or brownish-black, 
but frequently with apex light yellow or occasionally a light longitudinal 
band extending along median line, which sometimes broadens just m front 
of middle into two light spots Elytra blackish-brown and yellow, clavus 
appearing striped, due to two yellow bands which start together at base, the 
one extending one-half to almost two-thirds the length of the clavus, leaving 
a narrow black border along the elytra margin, and the other extending along 
the daval suture almost to the tip; conum dark brown, spotted with yellow 
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as follows: A small longitudinal spot at base of costal margin; a large rounded 
or rectangular one about midway on costal margin, and just caudad of this 
but near the daval suture a longer, somewhat trapesoidal or triangular one; 
apical callous surrounded by yellow with a large spot oephalad, tapering to a 
point anteriorly, usually a line near costal margin, extending near apical callous 
to a large brown spot near middle of costa, the cell between apical callous and 
this spot being hyaline, and another small, hyaline area, usually showing in 
the yellow spot, cephalad of apical callous. Coxa, trochanter, and femur of 
first two pairs of legs yellow, washed in orange or light brown, tibia and tarsi 
black, with sometimes a yellow band or mark at base of tibia. Hind legs en- 
tirely yellow, with the exception of the last two tarsal segments and spines 
on tibiae and tarsi, which are black or dark brown. Mesoetemum brown or 
black; metasternum yellow. Abdomen brown or black, sometimes posterior 
margins of segments lighter. 

Structural Details. Vertex slightly depressed transversely, anterior mar- 
gin not distinctly carinated. Each eye slightly over one-fifth width of head. 
Ocelli located slightly nearer anterior margin of vertex than pronotum, and 
distance between the two ocelli about three-fourths fhe distance between each 
ocellus and eye. Postclypeus not as strongly inflated as proteus or scdnt-cyri, 
indistinguishably fused with front, which is prolonged anteriorly beyond vertex 
for about two-thirds length of latter, being somewhat longer in the female 
than in the male; postclvpeus much longer proportionately than anteclypeus, 
at least twice, labium reaching to trochanter of middle pair of legs, postclyp- 
eus wider than gena and eye. Pronotum finely wrinkled, wrinkles numbering 
at least twenty-one or twentv-two, posteriorly more broken und numerous 
and somewhat deej>er, cephalic margin produced and a trifle more angulate. 
posterior margin deeply einarginate, about half width of anterior margin, 
lateral margins slightly sinuate Elytra approximately two and three-fourths 
times as long as wide, base of costal margin flaring, then parallel-margined 
to apical third of elytron, from whence it abruptly incurves to rounded apex, 
with no point along costal margin wider than any other and with elytra only 
slightly inflated, covered thickly by long, fine hairs. Wing venation, cell R5 
much longer than wide, cell shorter than cell first M*. apical callous large, 
oval or elongate, taking up most of cell Rj. 

External genitalia: Pygofer, length equal to width, exceeded by ovipositor 
about one-fourth its length, the ninth stemite longer than one-half length of 
lateral valve; male genital plates broad at base, inner margins rounding to 
a blunt apex, exceeded by genital styles only slightly. 

Internal genitalia: Lateral valve tapering to a very pointed apex, inner 
valve united on inner margins for half their length, their free apical inner 
margins slightly and irregularly jagged, bearing two notches, one at point of 
union of the two valves and the other at base of ajrioal fourth ; middle valve, 
with base expanded, then slightly narrowed, from whence it broadens slightly 
and then tapers to a pointed apex. Male styles broad and stout, base extended 
into a flap, apical fourth at base bearing laterally a recurved hook, from whence 
it tapers to a slender dorsad-curving sharply-pointed apex ; connective roughly 
triangular, twice wider than long, cedagus a straight rod with a rounded apex. 

Comparative Notes. Clast opt era sa lifts can easily be told from any other 
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member of the proteus group by its coloration and large «ie, being at least 
one-fourth longer than the othens. In color pattern the only one that possibly 
might be confused with it is Claetoptera saint-cyri var. saminyyii, since both 
of these forms have the davus of the wings striped with Mack and yellow. 
However, sise alone would distinguish these two, as well as the following 
structural differences: Front of salicis only extends anteriorly about two- 
thirds length of vertex, while in saint-cyri the lengths are equal. The face of 
sctUcis is considerably less inflated and the length of the postclypeus is much 
longer proportionately than that of saint-cyri , being in the former twice the 
length of the anteclypeus, while in the latter not over one and three-fourths 
the length of anteclypeus. The wrinkles on the pronotum are more numerous 
and deeper than in saint-cyri. The elytra are scarcely inflated and the margins 
are parallel, which is distinctly different from saint-cyri, where the elytra are 
greatly inflated, and the margins diverge so that the wide part of the body is 
just anterior to a line across to apex of clavus. Salicis , in this characteristic, 
is between Clastoptera xanthoccphala and Clast opt era hyperici, and therefore 
does not resemble the protem group at all. The wing venation is perhaps the 
best character for distinguishing salicis from an}’ of the protem group; cell Rs 
is much longer than wide in this species, while m all the others it is Just the 
opposite, being usually wider than long, or equal in width and length. Also 
the apical callous in salicis is much larger, occupying much more of cell Hi 
chan it does in saints yri. The hairs on the elytra are about twice the num- 
ber they are on minl-cyri and the jnrotcns group. Salirix resembles hybrid m 
this resect. The ovipositor extends one-fourth of its length beyond pygofer 
while in saint-cyn it extends about one-fifth of its length. Still another dif- 
ference luifr to do with the inner tnaigins of the inner vahes of the ovipositor, 
which are irregularly jagged but not distinctly toothed m salicis. but which 
bear regular, distinct teeth in saint-cyri , numbering about one hundred and 
eight. Moreover, although the coloration of the face in tins form seems to be 
that of the prntcus group, namely, the black band on anterior part of face with 
lower part of postclypeus, anteclypeus and mandibular sclerites yellow’ m sharp 
contrast, yet this yellow band in sal tew is characteristically less than in the 
other members of the proteus gioup, and particularly saini-cyri. In salicis the 
band is typically two-fifths or one-tlurd of the length of the postclypeus, while 
m saint-cyri it is always over one-half, usually nearer three-fifths. Occasionally 
a few sj>eoimons of saltcis show the band almost one-half the length of the 
postclyiwua. but upon examination of sixty specimens the majority were found 
to have a band which was less than one-half. Besides in saint-cyn and the 
var. auccps the black band extends dorsad on the front, but does not do this m 
salicis or protem. 

Doctor Ball pi *ccs salicis as a variety of protem , for which the writer sees 
no justification at all. Outwardly there is no resemblance, the larger si*e and 
color pattern of salicis distinguishing it immediately. The only reasons for 
confusing it with any of the protem group are because of the color of the face 
and the similarity of the male genitalia. The color of the face, although one 
of the causes for placing salicis with prate ns and its varieties, at the same time 
proves to be a good characteristic for distinguishing salici s from the other mem- 
bers of the group. As was mentioned before, the anterior black band on the 
face in salicis is usually not as wide as the bunds in the other members of this 
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group. In saint-cyri this band is three-fifths of the postclypeus, in onoep* and 
hyperici two-thirds, and in proieua always one-half* 

Structurally solid* differs from protevs in a number of ways* The face of 
solids is less inflated than that of protexts {figs. 5 and 6, pi. Ill)* The wrinkles 
on the pronotum are more numerous and slightly deeper. The elytra are 
scarcely inflated in solids, while in proteus they are considerably inflated, and 
their margins are parallel in the former but diverge in the latter. The pubes- 
cence on the elytra of solids is about twice as heavy as on proteus, Hie out- 
standing characteristic is that cell Rs of solids is considerably longer than wide, 
but in proteus it is slightly wider than long. The apical callous of solids is much 
larger and more ovate, occupying most of cell Ri, while in proteu* it is round 
and small. The ovipositor extends beyond the pygofer about one-fourth of its 
length instead of one-third as in proteus . Then, too, the ninth sternite is 
longer than one-half the length of the lateral valve, while in proteus it is about 
one-half. The inner margins of the inner valves of the ovipositor bear two 
distinct notches as in somi-cyn, while in proteus the first notch is lacking or 
only faintly indicated. Moreover, these margins in solids are irregularly jagged 
but not cut deep enough to form distinct teeth, whjle in proteus they bear dis- 
tinct teeth. Hie male genitalia are twice the sise of either saint-cyri or proteus , 
a fact which alone would distinguish this species from the latter two. The 
apical hook on the genitalia seems more slender than that of proteus, and the 
lateral hook is much longer m proportion to the apical hook, while the style 
itself is not as broad proportionally as in proteus 

Distribution. A senes of some seventy specimens have been collected from 
four counties in Kansas and one other specimen from Missouri. In this series 
only three were males, which shows that the males are exceedingly rare. 
Location op Types. Holotype and allotype are located in the Snow col- 
lection, University of Kansas. 

Host Plants. This species has been taken on two species of willow, Sahx 
amygdaloides Anders., the broad-leaved willow, and Sahx lonyi folia Muhl., 
the narrow-leaved willow, both of which border rivers. 

Clastoptera hyperici Gibson. 

(Plates III, V, IX, Xin, XVII, XXI, XXIV, XXV.) 

CUutoptera proteus var. hypcrict Gib. McAtea, W. L. Proc. Bio. Soc. Wash., vol. SS, 
p. 174; 1920. 

CUutoptera proteus var. hyperici MeAtea (Gib.) Ball, E. D. Can. EnU LIX, p, 109; 1927. 

original mcasmoN. 

Agreeing with proteus var. proteus in inflation of face, shape of vertex, 
striae of pronotum and genitalia, but entirely block above and behwr, also with 
the exceptions of the lower port of tile face, clypeus, moat of peotua, poaterior 
two pairs of coxa, two spots, or an interrupted stripe on lower surface of each 
of the anterior two pairs of tibia, * spot on anterior surface near apex of each 
femur sometimes excepted, apices of hind tibia except spun, and hind tarsi 
except spurs and last joint, pale yellow. Length, 2.5 to 3J5 mm. Type, a male, 
Plummers Is. M<sL, July 5, VM, <» Hypericum pre^eum, W. L. McAtee, al- 
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lotype tame data. Paratypes, same data, also same data except as to dates, 
July 14 and 26, 1014, and same locality August 11, 1007, W. L. McAtee, 

This variety has been seen also at Great Falls and at Occoquan, Va., in each 
case upon the same food plant, being most abundant during the flowering 
season. 

writer's description. 

Bisk. Length: 9 3.5 mm.; $ 3.15 mm. Width: 9 2.25 mm.; $ 2.1 mm. 

Shape. An ovate, small species, lapermg posteriorly and anteriorly almost 
equally with the greatest width of body directly across middle. 

Color. Almost uniformly black above with the exception of the apical por- 
tion of conum and membrane which is slightly lighter in color. Postclypeus 
with a black band across anterior two-thirds, rest of face black, excepting 
mandibular gclentes and anteclypeus, which are yellow, the latter with a dark 
spot at center. labium dark. First two pairs of legs with coxa mottled in 
yellow and brown, femur black but usually with a yellow spot on anterior 
surface near apex, tibia black excepting two yellow spots or interrupted stripe 
on lower surface. Hind legs black with apices of tibia, and first two segments 
of tarsus light. Mesostemum black; metastemum either all yellow or black 
with the mediun j>ortion light Abdomen entirely black. 

Braver ural Characteristics Vertex slightly depressed transversely, an- 
terior margin not distinctly carina ted. Front prolonged anteriorly as much as 
the length of the vertex Greatest length of eye about equal to one-fifth 
total width of hear!. Ocelli, located halfway between anterior and posterior 
margins of vertex, WTth the space between them almost three-fourths the dis- 
tance betw’een each ocellus and eye Postclypeus v cry strongly inflated, length 
about one and three-fourths times length of anteclypeus, width somewhat 
w’ider than combined width of gena and eye Pronotum bare and shining, 
broadly and shallowly wrinkled, with anterior wrinkles sometimes indistinguish- 
able and numbering about seventeen or twenty, anterior margin rounding, 
posterior margin deeply cmargmate and lateral margins diverging. Elytra, 
length of one, about twice width, narrowed at bate, then margins evenly sinu- 
ate to apex, so that body is widest across the middle; surface covered by 
many long, fine hairs. Wing venation, cell R5 of fore wing wider than long, 
apical callous not distinct, being same color as rest of elytron, only slightly 
raised, occupying nearly all of cell Ri. 

External genitalia: Pygofer of female, length about equal to width, exceeded 
by ovipositor by over one-third its length, ninth stemite two-thirds length of 
lateral valve. Male genital plates broad at base, inner margins separated for 
part of their length, rounding to a blunt apex, the styles exposed only slightly 
beyond valves. 

Internal genitalia: Lateral valve of ovipositor bluntly rounded g i apex; 
inner valve with basal part of inner margins united, and free apical portions 
bearing fine teeth, numbering around 110, and a small notch at point of union 
of the two valves; inner valve biadelike, not narrowed at base and tapering 
to a pointed apex. Styles of the male broad and stout, base extended into a 
flap, and base of apical fifth, bearing laterally a recurved hook, after which it 
tapers to a long dorsad-curving, sharply pointed apex; connective roughly tri- 

4—3341 
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uvular, twice wider than long, odagus a straight rod with rounded apex 
which is curved dorsad. 

<5omparativi Noras. This species, being an entirely or almost entirely Hack 
form, is apt to be confused with the other black forms in the genus. For 
comparison with C. binotata, see page 32, with merra, see page 34, with the 
males of brurmea and UneatocolH $, page 23, and with xmlhocephda, page 76. 
In the protem group it very closely resembles C. proieus var. oeceola and C. 
%axnt~cyri var. ancepa. For comparison with these forms see pages 44 and 48. 

Distribution. Only five specimens were available few study. These were 
sent to the writer for study by Mr. McAtee and were all collected from 
Plummer's Island, Md. 

Location or Ttpbs. The types are in the collection of W, L. McAtee, 
Washington, D. C. 

Host Plants. Taken on Hypericum prolificum (St. John's Wort). 


Clastoptera distincta sp. new. 

(P1»U» in, v, ix, xur, xvu, XXI, X£IV, XXV.) 

Sira. Length : 9 4,65 mm. to 5 j 02 inm.; $ 4.35 mm. to 4.5 mm. Width: 
9 2.62 mm. to 2.7 mm.; & 2.4 mm. to 2.47 mm. 

Shape. An elongate species with & pointed head and body decidedly taper- 
ing to a slender apex posteriorly, resembling osbomi in shape more than any 
other species. 

Color. A striking chocolate-brown and yellowish-green species. Front and 
vertex greenish-yellow, the lateral margins of both shaded in brown and with 
three pairs of brownish arcs visible from above on front. Face, postclyjwus 
yellow with nine or ten pairs of distinct brown arcs, the posterior three or four 
pairs usually more or less fused together to form an irregular dark band, lower 
two-fifths of postclypeus, all of anteclypeus excepting a median dark spot and 
mandibular sderites all yellow, the latter sometimes washed through center 
with fuscous; gen* dark brown with margins, and especially anterior portions, 
much lighter. Pronotum entirely greenish-yellow, with lateral margins washed 
in brown. Scutellum chocolate-brown except for the light yellow apex. Elytra, 
clavus entirely dark chocolate-brown; corium also this color, except for the 
golden-brown explanate costal margin, the lighter brown membrane and a 
golden or yellow spot just cepbalad of apical callous which extends forwaid on 
costal margin for a short distance, the entire elytron coveted by & golden 
pubescence. Legs, first two pairs with coxa, trOchanter, and femur very dark, 
except for extreme yellow bases and apices; tihjp, dark wffl* two light spots on 
cephalic surface, tarsus dark brown with blackish-brown claws. Hind legs 
lighter, mottled in dark brown, with tips of spines and tarsal claws black. 
Mesothorax dark brown. Metathorax b ro wn anteriorly and yellow posteriorly. 
Abdomen of female yellowish with pygofer dark brown; male abdomen dark 
brownish-black. 

Structural Details. Vertex not depressed transversely, anterior margin 
faintly carinated. Length of one eye over one-fourth total width of bead. 
Ocelli located slightly closer to anterior margin of vprtex than pronotum, the 
distance between the two ocelli a little less than distance between each ocellus 



and eye. Front greatly extended beyond vertex, u much as the length of 
the letter, the Jiead decidedly pointed. Pronotmn about twice as wide *s 
long, the anterior margin roundingly angulate, lateral margins subparallel, 
posterior margin deeply emarginate, the entire surface broken up by numerous 
fine, irregular wrinkles, resembling those of osbomi. Scutellum, width three- 
fifths of length. Elytra, long and narrow, each wing over three times its width, 
the distance from apex of scutellum to apex of elytron longer in proportion to 
rest of elytron, thus resembling osbomi and differing from the other species, 
the costal margin greatly expanded at base, the outer margins Baring, then 
parallel-margined for a short distance, from whence they converge to a 
slender apex, the widest part of body being at a point midway across wing. 
Wing venation, cell R« much longer than wide, cell Ra smaller than cell first 
M 4 , apical callous large and bulbous, occupying all of cell R|. 

External genitalia: Pygofer of female, length and width about equal, 
exceeded by ovipositor about one-seventh the length of the latter. Male 
pygofer wider than long, genital plates broad at base, their mediocaudal angles 
bluntly rounding, exceeded slightly by genital styles. 

Internal genitalia: Lateral valve of ovipositor broad and spoon-shaped, 
rounding to a sharply pointed apex, the basal laterodorsal half membranous, 
the ninth sternite about three-fourths the length of the valve. Middle valve 
flat and bladelike, tapering to a slender pointed apex. Inner valve very broad 
at base, then tapering to a sharply pointed apex, the two valves united on 
basal third, the free margins bearing numerous distinct teeth, numbering about 
eighty-two, and two distinct notches, the one at base of apical third and other 
one just caudad of middle of valve. 

Mule genitalia, resembling proteus, male styles broad and stout, with base 
extended into a flap and base of apical portion bearing laterally a recurved 
hook after which it tajiem to a dorsad-curving, sharply pointed apex, 

* Comparative Notes. This sjiecics is not readily confused with other species. 
It resembles osbomi in regard to the color and wrinkling of the pronotum and 
the general shape of body, which is long and slender, tapering at both ends. 
It can be easily distinguished from osbomi , however, by its striking color and 
by its great difference in the structure of the male genitalia, which can readily 
be seen in the drawings. The inner valves of the ovipositor are also consider- 
ably different in these two species, the valve in dislincta, being short, very 
broad at base and distinctly pointed at apex, with the two notches very dose 
together and about eighty-two teeth between the basal notch and apex. 
Osbomi , on the other hand, is a long valve with the notches very far apart and 
about 105 distinct teeth. 

I)i8TRiBt f T!ON . This species was described from eleven specimens. Four 
specimens— two males and two females— were taken at Trinidad, Colo,, by 
Dr. C. J, Drake. The holotype was taken by Dr. R. H. Beamer in Coconimb 
county, Aril. The other six specimens are in the National Museum and bear 
the label, Williams, Aril., which is also in Coconimo county. 

Location of Ttpeo. Holotype, male, in the Snow collection, University of 
Kansas. Allotype, female, in the collection of C, J. Drake, Iowa State College, 
Ames, Iowa. 

Basra. Unknown. 
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Clastoptera osbomi Gillette and Baker. 

(Plate. HI. V. IX. XIII, XVII, XXI, XXIV. XXV.) 

CloStoptero osbomi Gill, and Bak. Henuptcra of Colorado, p. 70; 1896. 

Clastoptera obtus a subsp. osbomt Gill, and Bak. Ball, K D. Proc. la, Acad. 8oL Ill, p, 
190; 1896. 

Clastoptera obtusa var. testacea Fitch. Ball, E. D. Can. Eat. LIX, p. 109; 1927. 
Clastoptera obtusa Say. Van Ducee, E. P. Trans. Am. But, Soc. XXIV, p. Ill ; 3908. 

SYNONYMY. 

In his original paper (1895) Doctor Ball placed this species as subspecies III 
under obi-um. He distinguished it from the rest of the obtuaa group by the 
fact that the face was entirely light and the bands on the front obscure. Under 
this subspecies he had three varieties, the first one olive-green and yellow, 
which is the true osbomi , the second one copper-colored, which he thought 
was synonymous with testacea , and the third one black, which he considered 
the same as pirti. 

In his recent paper (1927) Doctor Ball svnonymizes osbomi with Clastoptera 
obtusa var. testacea. The reasons for doing this he gives in the following 
paragraph : * 

“Baker insists that o<bonn is a distinct species from obtusa , and gives dif- 
ferences in the number of pronotal wrinkles and shape of clavus, neither of 
which appear to be constant. Van Duzee and Stearns follow Baker, but like 
him they were not acquainted with the var testacea of Fitch. If this is a 
distinct ^ecies it will still be testacea of Fitch and not osbomi G and B. 
Stearns separates osbomi from all otKeiv by the narrow elytra, ignoring the 
fact that the Colorado forms of typical obtusa and all mountain and northern 
examples of testacea ha\e the character equally marked. The only character 
that is at all constant that the writer finds to separate osbomi from testacea is 
the lack of black on the bulla, and that appears too trivial to warrant even a 
varietal status. The writer was in error in calling the subspecies osboriri as 
testacea has priority; he also erred in including pint, which is sufficiently 
distinct to warrant a separate status.’ 1 

The writer, on the other hand, has found a number of characters which arc 
constant and yet sufficiently different from obtusa to warrant the status of a 
distinct species. The most evident characteristic is that of the genitalia, which 
are very dissimilar to that of obtusa , as can be seen by the illustrations. 

Furthermore, there are sufficient characters available to separate osbomi 
from testacea, which m turn differs from obtusa. In fact the writer thinks that 
there are three distinct species involved, osbomi, testacea and obtusa, with 
testacea standing as the intermediary form between the other two. 

ORIGINAL DESCRIPTION. 

Female, face two-thirds wider than long, minutely, Indistinctly sculptured; 
clypeus broad at base, gradually tapering to a pointed apex, one-fifth longer 
than broad, basal suture obsolete, lorce long, nearly as long and half as broad 
as clypeus; genae narrow, outer margin concave beneath eyes, convex below the 
lorn where they are very narrow, touching the clypeus at the broadest part; 
front but little longer than broad, superiorly very broadly and evenly rounded. 
Vertex very slightly, transversely depressed, anterior margin carinately ele- 
vated, not longer at middle than at eyes. Pronotum transversely wrinkled, 
minutely scabrous, two distinct pita behind anterior margin near the median 
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line, three-fourths wider than long, anterior curvature three-eighths of length, 
Scutellum finely and transversely wrinkled and minutely scabrous, longer than 
wide. Elytra with a fine, thickly set, golden pubescence, entirely, finely, 
densely punctured. Color pale rufous throughout, tinged with olive-green on 
pronotum and clavus, beneath more yellowish. Length, 5.5 mm. Described 
from two females. Large but somewhat narrower across hemelytra than is 
usual in this genus. 

writer's description. 

Size. Length: 9 4,95 mm. to 5.5 mm ; £ 35 mm. to 4 mm. Width: 
9 22 mm, to 2.75 mm.; £ 1.66 mm. to 2 mm. 

Shape. A large, slender species with elytra tapermg to a very pointed apex 
and clavus very long in proportion to rest of elytron. 

Color. Typically a yellowish, testaceous species, but some forms, especially 
males, washed m smoky-brown so that they are much darker than the typical 
form. Front and vertex usually yellow, the latter with an orange-spot laterad 
and caudad of each ocellus, occasionally entire head washed m smoky-brown. 
Eyes brownish-grey. Face typically a uniform golden or straw-yellow 
throughout, postclypeus traversed by nine or more pairs of darker arcs of 
rufous-tan, but m the darker forms a deep lufous with the arcs in smoky- 
brown. Pronotum light yellow with central portion underlined with grayish- 
green. and usually six orange spots on anterior margin, but m the darker 
forms the entire disc smoky-brown. Scutellum orange-tan on basal two-thirds, 
rest more light yellow; in the dark series all dark browm. Elytra, yellowish-tan 
h\ aline throughout except where Iwxiy shows through, making it brownish- 
gray; those of the dark senes a trifle more rufous-brown than typical form. 
Legs entirely yellow, with dark brown or black spines, occasionally those of 
the smoky forms washed all over in smoky-brown. Ventral part of body en- 
tire ly yellow, with ovipositor sometime-* washed m smoky. 

^Htri'ctvral Details Vertex not depressed tramversely, anterior margin not 
distinctly cannated Greatest length of eyes almost one-fourth width of en- 
tire head. Ocelli located midway betw’^n anterior and posterior margins of 
the vertex, the distance between the two ocelli not quite three-fourths of the 
distance between each ocellus and eye Front extending beyond vertex for 
almost half length of vertex Po-trlvjieus only slight inflated, arising grad- 
ually from face at sides, its length greater than twice the length of the ante- 
clyiHuw. Pronotum dull, finely pitted, deeply wrinkled, the wrinkles numerous, 
irregularly broken up into many smaller ones; cephalic margin roundmgly 
produced, posterior margin detplv emargmate, lateral margins diverging; the 
greatest length of pronotum being posterior to its laterocaudal angle, and the 
entire head and prothorax more vertical to rtst of body when viewed from 
the side than in other related species Scutellum long, its width two-thirds of 
its length. Elytra scarcely inflated, long and slender, the length of one Elytron 
almost four tunes its width; clavus very long proportionately, the distance 
extending beyond the scutellum being almost equal to the length of the ecu- 
tcllum itself and much longer than the membrane, with the width across apex 
considerably narrowed; base of costal margin flaring, then parallel-margined 
for half length of elytron from whence it tajiers to a narrow, pointed apex, 
wmgs covered by a fine pubescence. Wing venation, cell Rg much longer than 
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wide, cell Be smaller than cell first M4, apical callous very famt, only slightly 
elevated, elongate, covering most of cell Ri 

External genitalia. Pygofer of female slightly longer than wide, exceeded 
fay ovipositor about one-seventh of its length; ninth stemite slightly over 
one-half length of valve, pygofer of male approximately twice its length, 
laterocaudai angles elongated to form a slender ventrad-ourvmg process, geni- 
tal plates broad at base, their inner margins rounding, exceeded slightly by 
genital plates 

Internal genitalia Lateral valve of ovipositor broad and spoon-shaped, 
tapering to a roundmgly pointed apex, its ventral basal two-fifths membranous; 
middle valve flat and bl&dehke, base not greatly expanded, apex broadly taper- 
ing, inner valves flat, bl&dehke, their inner margins united on basal two-fifths, 
the free apical inner margins bearing two conspicuous notches, one at point 
of union of the tao valves, the other slightly cephalad of base of apical third, 
with about 105 conspicuous teeth, those between the two notches broad and 
shallow, but the apical ones deep, tapenng oaudad Male styles broad and 
stout, base somewhat pointed, median apical half expanded into a broad, re- 
curved flap, whose lateroeephalic angle is elongated into a slender, fingerhke 
process 

Comparative Notes Clast optera osbomt, although considered by certain 
writers as a variety of obtum, is without a doubt a distinct species Hie geni- 
talia of the two are decidedly different, as can be observed by a study of the 
drawings Several characteristics other than the genitalia are helpful m sepa- 
rating the two In the first place the color patterns of the face are distinctly 
different, that of osborm being uniformly testaceous, while obtusa and its 
varieties typically have the lover half of the face dark Then, too, the gen- 
eral testaceous color of the body m osborm separates it from anything 10 the 
obtusa group The wrinkles of the pronotum are 11 regular and more numerous 
than they are m obtum , and the riavus of the elytron m osborm is propor- 
tionally longer and more narrowed at apex than m obtwa 

Superficially Clastopiera osborm resembles Clastoptera testacea more than 
any other species They both have the same general testaceous coloring, with 
the pronotum tinged with grayish-green, and with the clypeus all yellow 
There is one difference in color, however that of the apical callous, which is 
ala ays light colored m osborm and blackish in testacea , standing out in sharp 
contrast to the rest of the elytron 

Structurally Clastoptera osborm and Clastoptera testacea differ m several 
ways In the first place osborm is a large, \ erv slender species with the margins 
of the elytron almost parallel, or with the wfltest r>art of the body anterior 
to apex of clavus or just back of the pronotum, and with the head and anterior 
part of the thorax more vertical to rest of body when viewed from the side 
Tistacea , on the other hand, has the margin less parallel than osborm, so that 
the widest part of the body is anterior to tip of clavus but not so far forward 
as m osbomt The wnnkles on the pronotum of osborm are very n umer ous, 
deep and irregular, so that they can scarcely be counted, while the wnnkles 
of testacea are not so deep and number about twenty-five or more. The pro- 
Upturn of testacea is more or less shiny, while in osborm it w decidedly dull, 
won m is duta&guuhed from lettacea and obtvta also by tbs fsot that the 
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pronotum it much kmcw posterior to it* leterocaud&l angle tb*» It i* from 
that angl * cephalad, but in testacea and obit»a the distances are about equal. 
The length of the poeiclypeus in osborpi k usually somewhat direr twice the 
length of aateclypeua, and in testacea it is usually less than one and one-half 
times* while in obtuse it is usually exactly one and one-half times. The davus 
of the elytron in osbomi is longer in proportion to rest of elytron and more 
narrowed and pointed at tip than in testacea, where it is very broad and 
rounded. The membrane of the elytron is proportionately much shorter than 
in tetiacea. 

From the above characteristics it can be seen that C. testacea is somewhat 
of an intermediary form between osbomi and obtusa. The genitalia make tins 
even more apparent and prove that there are three distinct species involved. 
The lateral valve of the ovipositor in osbomi on the ventral margin has the 
basal two-fifths membranous, while in tetiacea and obtusa at least the basal 
half is membranous. Also, the stemite of osborm is only slightly over one- 
half the length of the valve, but in testacea it is greatly over one-half. The 
ovipositor in osbomi protrudes about one-seventh of its length beyond the 
pygofer, while that of testacea protrudes one-ninth. The inner valves of the 
ovipositors of the three species differ m the following ways: The basal notch 
on the inner margin is more prominent and the apical notch leas prominent 
m osborm than in the other two. The basal notch is located almost exactly 
midway on valve m obtusa , two-fifths of the distance from the base in testacea 
and two-sevenths in osbomi. The teeth along the inner margins of these 
valves also differ, those of obtusa being finer and more numerous, between 115 
and 125, while those of testacea and osbomi are broader and more conspicuous, 
numbering about 105 in osborm and around 85 in testacea . 

The male genitalia of these forms are likewise specifically different. Thoee 
of osbomi and testacea are more nearly alike than those of obtusa. The differ- 
ences can easily be seen by examining the illustrations. 

Distbibutton. Steams (1923) states “Specimens have been examined from 
Colorado, New Mexico, Wisconsin and Ohio. It has been reported from West 
Virginia and the District of Columbia (Ball).” 

The writer had specimens at hand from two additional states — Arisons and 
Texas. Doctor Drake has a laige senes, 53 m all, taken from Tnnidad, Colo. 
In the Snow collection there is another large series of over 200 specimens from 
Oak Creek canyon, Arisona, indicating that the species is fairly common in the 
localities where it is found. 

The proportions of the sexes for the total number of specimens at hand 
seems to be about twice as many females as males, the actual number being 
209 females and about 107 males. In individual collections this may vary 
somewhat. For example, in Doctor Drake’s collection there were only 17 
females as opposed to 46 males. 

Location or Tyres. One female specimen bearing a red-type label* is re- 
tained at the National Museum, Washington, D. C. The label states that it 
is fa** the collection of C. F. Baker, Colorado Springs; collected by B. 8, 
Tucker, duly. 

Horn. The series from Arixona was collected from pine. 
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Clast op ter a testacea Fitch. 

(Plates HI. V, IX. XIII, XVII, XXI, XXIV, XXV.) 

Clastoptera testate a Fitch. Fitch, Asa. Homoptcra, New York State Cab. of Nat Hist., 
p. a; 1861. 

Clastoptera ptm Fitch. Fitch, Asa. New York State Cab, of Nat Hist., p. 68; 1861. 
Clastoptera obtusa subep. II and III onborm Fitch. Ball, E. t>. Froc. Ia. Acad. Sd., vol. 
Ill, p. 180; 3695. 

Clastoptera proteus var. pint Fitch. Van Dusee, E. P. Cat. of Hamip. ; 1917. 

Clast opt era obtusa var. testacea Fitch. Van Dnsee, E P. Cat. of Henup ; 1917. 
Clastoptera proteu s var. pint Fitch. Steams, L A. Hemip. of Conn., p. 884; 1988. 
Clastoptera obtusa var. testacea Fitch. .Stearns, L. A. Hemip. of Conn., p. 286; 1928. 
Clast&ptera obtusa var, ptm Fitch Ball, E. D. Can. Ent, LIX, p. Ill; 1927. 

Clastoptera obtusa var. testacea Fitch Ball, E. I). Can. Ent. LIX, p. 199; 1927. 

ORIGINAL DESCRIPTION ♦ 

Clastoptera testacea Fitch. Testaceous; scutel rufous; elytra with a polished 
callousiike black dot near the apex. Length, 0.20 inches. Found on oaks and 
pines. No. 715, female. 

Var. a — A black callousiike dot on each side of pectus. No. 716. 

Var. b — Pectoral dots present, elytra dots wanting. No. 717. 

Var. e — The black dots wanting, both on elytra and pectus. No. 71S. 
Clastoptera pirn . Black; head yellow, with a black band on the anterior 
margin of the vertex; thorax with a yellow band anterioily; elytra with a 
broad hyaline, outer margin interrupted in the middle and a black callous 
dot near the apex. Length 0.14. Found chiefly on pines. No. 719, male. 

Var. a — A ferruginous dot on the apex of the scutel. No. 720. 

Var. b — A yellow thoracic band widely interrupted. No. 721. 

The writer has done an unusual thing, perhaps, by matching Clastoptera 
testacea with Clastoptera pint, and giving them a single name, since only female 
specimens of testacea and only male specimens of pini have been reported as 
being found, except for two males of testacea and two females of pint, which 
Doctor Ball statej are in his collection But the reasons for thinking that the 
dark pint specimens are the males of the light yellow testacea are very con- 
vincing. In the first place both species were described by Fitch at the same 
time from four female specimens of testacea and three male specimens of pini 
He states that testacea was taken from oaks and pines and pini “chiefly on 
pines “ This seems to indicate that they we re taken from the same locality 
and on the same host plants. Secondly, Dr. W, J. Baerg sent the writer a 
series of specimens taken from Ithaca, N. V., bearing labels, lot a7 lot o3, 
lot alO, indicating that they had probably been reared from the same cage, 
or at least had been collected from the same places. Twelve of these were 
typical males of pini, and five were typical testacea females. Also, Dr. L. A. 
Steams sent seven female testacea and one male pini taken from open woods 
in Virginia, which were evidently taken together. The writer had at hand for 
study only thirty-three specimens in all, which represents the number found in 
the larger Cercopid collections in the country. It is evidently a vei^ rare 
species. Doctor Ball says that he “beat thrrt males and a female of this rare 
form (meaning pini) along with examples of far. testacea from Pinas virginiana 
at Chevy Chase, M<h” 

A third reason tar placing them together is that they resemble each other 
inf certain characteristics, one of the outstanding ones being that the face in 
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both forma is always entirely yellow. This immediately separates them from 
the oblusa group and links them with osbomi. The outstanding thing, how* 
ever, is the genitalia, which show that both testacea and pmi are closely related 
to oibomi and are not like obtusa. The inner valve of the ovipositor has more 
the characteristics of the inner valve of osbomi than that of obtusa, while the 
male genitalia of pini are absolutely different from obtusa, but somewhat 
similar to osbomi, Clastoptera testacea, however, differs from osbomi in a 
number of ways, so that they cannot be regarded as synonyms, as Doctor Ball 
thinks. (His opinion in regard to this matter is quoted in the discussion of 
Clmtvptera osbomi.) In other words, it would seem that testacea and pint 
are intermediary forms between oblusa and osborm, with the ovipositor of 
testacea showing the same degree of gradation between the two other species 
as the males styles of pini do. Therefore it seems logical to link them together. 

Although the writer came to this conclusion independently, she is not 
responsible for the original idea, since later in checking over Doctor Ball’s 
correspondence she found a reference to this matter in one of his letters, which 
she had completely forgotten, wherem he stated that he has often tned to 
synonymic? these two sjiecies as varieties of a distinct species, because of the 
fact that they both possess the light-colored faces, but that he could find no 
other good reasons for placing them together. In his 1927 revision of the 
genus he therefore treated them as separate forms However, the writer thinks 
that they should be linked together because of the reasons discussed above. Of 
course the matter can never be absolutely proven unles?. mating pairs are 
taken, which it is to l>e hot>ed may sometime !>e done 

Since Fitch described testacea first in his paper the writer has retained this 
name for the species. The type specimens in the Albany Museum are some- 
what faded, esjieciallv those of pint, which are no longer black but a light tan. 
Tile types of tistacia were not osbomi, so there is no possibility of any confus- 
ion resulting from them ♦ 

IV PITERS DESCRIPTION. 

Size. Length: 9 4 nun. to 4.25 mm ; $ Z2o mm. to 3.33 mm. Width: 
9 2 mm. to 2.37 mm ; 6 1.87 mm to 2 mm 

Shape. A moderately elongate species, with margins of elytra fairly parallel, 
head and pronotum broad. 

Coi/Mt. Female, testaceous, front and vertex golden-yellow, eyes dark. Face 
entirely yellow, postclyfauis with eight or nine pairs of darker arcs, tip of 
labium dark. Pronotum golden-vellow, or sometimes washed m greenish- 
brown. Scutelhim reddish-tan, fading to grayish-tan at apex. Elytra entirely 
yellowwh-tan hyaline with dark body showing through, making the general 
ap|>carance through middle darker, apical callous blackish. Mesothor&x and 
metathorax, usually entirely yellow, occasionally two dark brown areas on 
mesothorax, laterad of labium. Abdomen yellow, ovipositor sometimes dark. 
Legs yellow, excepting tarsal claws and the spines on tibia and tarsus of last 
pair. 

Male black, front and vertex sulphur yellow with black band on anterior half 
of vertex. Eyes dark. Face, entirely lemon-ydlow, the postclypeus traversed 

1 btvr examination of his material at the request of the writer, Doctor Bail found 
that the tmk specimen* of restores were only small female specimens of that form, and that 
there were no female asm specimens m his collection. 
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by eight or nine pairs of dark tan arcs* Pronotum s hi ning blade with a sulphur* 
ypllow band on anterior part. Scutellum blank. Elytra, eorium dark brown* 
with a broad dear hyaline area all along costal border and surrounding the 
blade apical callous, interrupted only on middle by narrow extension of the 
dark brown area, the dark brown portion fading to lighter brown before reach* 
ing the hyaline membrane. Mesothorax and metathorax yellow, occas i o n ally 
two dark brown areas on mesothorax laterad of labium. Abdomen dark brown. 
Legs yellow, excepting the dart: tarsal claws and spines on tibia and tarsus of 
last pair of legs. 

Stoucttjrk. Vertex somewhat depressed transversely, anterior margin dis- 
tinctly carinated. Length of eye about one-fourth total width of head. Ocelli 
located halfway between anterior and posterior margins of vertex, the distance 
between the two ocelli being two-thirds the distance between each ocellus 
and eye. Front extending beyond vertex not more than one-third the length 
of the latter. Face, postclypeus very slightly inflated, arising gradually from 
face at sides, its length twice or less than twice length of anteclypeus. Prono- 
tum not greatly elevated, shining, finely wrinkled, the wrinkles not as deep 
as in the obtvsa group, and fairly regular in line, its width almost twice its 
length, anterior margin roundingly produced, j>ostenor margin deeply produced, 
lateral margins slightly diverging. Scutellum, length about one-third greater 
than its width. Elytra, length about three times the width of one, only slightly 
inflated, margins almost parallel, so that the widest part of the body is slightly 
cephalad of tip of clavus; clavus, normal length, its apex very broad, the por- 
tion extending beyond tip or scutellum much lee# than the length of the scu- 
tellum, but almost equal to the length of the membrane; surface covered by 
fine hairs, numbering lees than those of obhma or osbomi; wing venation, cell 
JU much longer than wide, cell Rs smaller than cell first M* and apical callous 
prominent, occupying all of cell Rj. 

External genitalia : Pygofer of female, length equal to width, the ovipositor 
protruding beyona tip of pygofer for one-ninth of its length, ninth steraite con- 
siderably over one-half length of valve. Male plates divided on median line for 
two-thirds their length, styles exposed a considerable distance beyond pygofer. 

Internal genitalia : Lateral valve broad and spoon-shaped, its ventral basal 
angle membranous for half length of valve, ninth stemite considerably over 
one-half length of valve. Middle valve expanded at base, tapering to a pointed 
apex. Inner valve united for about two-fifths of its length, the free inner 
margins bearing about eighty-two broad, distinct teeth and two notches, one 
notch at point of union of the two valves, and another just anterior to base of 
apical third. Male genitalia, styles very broad, base expanded into a flap, 
and inner margin of apical fourth expanded into a broad flap whose cephalic 
angle is elongated into a point; connective broad and roughly triangular; 
mdagus a thick rodlike structure with apical half curved cephalad. 

Compabattvh Nome, This species has been confused with C, oobomi and 
€. o bluta in the literature. For comparison with oshorm see the discusaoa 
under this heading in the description of the latter. 

It differs from obtu$a externally in that the face is entirely yellow, while 
obtwa typically has the lower half of the face dark, or else mottled; the 
pronotal wrinkles are deeper and more numerous than in obtum; the hairs on 
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t|»e riyfc m are more numerous, and the length of the postebrpeus it 
just slightly lees than twice the length of the antedypeua, while in dbtvm the 
former is only about (me and one-half times the length of the anteclypeus. 

For comparison of the valves of the ovipositor of these three species see 
the discussion in the description of osbortu. 

The males (pini) because they are blackish forms, are easily confused with 
other dark-colored species in the genus. They can be distinguished from all 
other species by the ail-yellow face. In addition to this they can be separated 
from C. proteus var. osceola, and C. saxnt-cyn var. anceps and C. hyperid 
by having many wrinkles on the pronotum, whereas these species all have few 
wrinkles. Likewise it is separated by this character from C. sierra, C. bincUUa, 
and the black males of 0 . lineatocollis and C. brunnca , ail of which have few 
but deep wrinkles on the pronotum C. testacea (pint) is separated from 
xanthocephafa, in addition to color pattern of the face by its much larger rise. 

Lastly the male genitalia separate this species from all the other species 
very easily. This can readily be seen by examination of plates XXV, XXVI 
and XXVII. C. testacea resembles C osborm m this respect more than any 
of the other species, but is decidedly different from it also. 

Distribution. The writer had available for study thirty-one specimens 
from the following states: Minnesota, New Jersey, New York, North Carolina, 
South Dakota, Wisconsin, and from Washington. D C , and Quebec, Canada. 
Doctor Ball reports it also from Maryland 
* Of the thirty-one specimen* fourteen were >ellow females of the typical 
testacea type and seventeen were males of the black pini type. 

In a letter to the writer Doctor Ball makes the following remarks: “I have 
twenty-one females of testacea and two males On the other hand I have three 
males of pint and two females, and one female and two males of pini were taken 
at the same time and place with the testacea examples, and the only male of 
that species taken in the east ” 

Location or Typer The types of both testacea and pint are to be found in 
the New York State Museum at Albany The sjieeimens are ail badly faded, 
those of the black p?ni male* having faded to a light tan or brown, as in the 
painting. The bull® of testacea are black or dark colored, which proves that 
Fitch had a form distinct from mb arm. 

Hosts. In every case where the host plants have been mentioned it has 
always been pine 


Clast opt era obtusa Say. 

(Plates III, VI. X, XIV, XVIII, XXII, XXIV, XXVI) 

Certopu obtum fiSv. S«>, Thomas Compl Writ. II, p 256, IS25 

ORIGINAL DESCRIPTION. 

Head and anterior part of thorax pale, with three transverse lines, wings 
varied with brown and pale. Inhabits United States. Body short, oval; head 
pale yellowish, an elevated reddish-brown, transverse line between the eyes 
and before the stemmata; front with about nine parallel equidistant reddish- 
brown lines which are interrupted in the middle and abbreviated at the cavity 
of the antenn a ; antenna placed in a deep cavity, beyond which the seta only 
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projects; head beneath black, thorax pale, yellowish before, reddish-brown and 
rugose with continuous lines behind, anterior edge elevated, reddish-brown; 
a reddish-brown transverse band on the middle; scutel pale, reddish-brown; 
hemelytra varied with fuscous and pale, generally forming a band. 

writer's description. 

Sire. Length: $ 4.65 mm. to 5.1 mm.; $ 3.75 mm. to 4J5 mm. Width: 
9 2.55 mm. to 2.7 mm.; $ 2.1 mm. to 2.62 mm. 

Shape. A somewhat slender species with a broad head and thorax ; margins 
of elytra almost parallel, although the body seems a trifle wider at a point 
in line with apex of clavus. 

Structural Details. Vertex depressed transversely, anterior margin some- 
what carinated. Greatest length of eye approximately one-fourth the width 
of head. Ocelli located about midway between anterior and posterior margins 
of vertex, the distance between the two ocelli almost three-fourths the dis- 
tance between each ocellus and eye. Front usually extending only slightly 
beyond vertex, but in a few cases protruding almost half the length of vertex. 
Face, postclypeus very little inflated, arising gradually from face at sides, its 
length not much over one and one-half times the length of the anteclypeus, 
and its width slightly greater than width of gena and eye. Labium reaching 
to trochanter of middle pair of legs. Pronotum bare and shining, its length 
a little greater than half its width, about twenty-five regular, deep wrinkles 
on median line, anterior margin angularly produced, posterior margin deeply 
emarginate, lateral margins slightly diverging. Scutellum, width about two- 
thirds of its length, the length being just equal to the distance from tip of 
scutellum to apex of elytron. Elytra scarcely inflated, length of one not quite 
three times its width, base of costal margin fluring, then parallel-marginal to 
apical fourth or a point just opposite tip of clavus, from whence it abruptly 
incurves to rounded apex, their surface covered by many hairs, as compared 
with other species in the genus; wing venation, cell R,% rectangular, longer than 
wide, cell R# shorter than cell first M 4 , and apical callous irregular in shape, 
occupying most of cell Ri. 

External genitalia: Pygofer about equal in length and width, ovipositor 
exposed about one-seventh of its length beyond pygofer; male genital plates 
broad, divided for about three-fourths their length, their inner apical angles 
rounding; laterodorsal angles of pygofer extended into a long, flngerlike flap, 
styles exposed for about one-third their length. 

Internal genitalia: Lateral valve of ovipositor broad and rmmdmgly pointed 
at apex, its basal dorsal half greatly membranous, the ninth stemite about two- 
thirds length of valve; inner valves united for almost half their length, the 
inner free apical margins bearing small, distinct teeth, numbering between 115 
to 125, and two distinct notches, one at point of onion of the two valves, and 
the other at base of apical third; middle valve flat, bladelikc, tapering to a 
pointed apex, its base greatly expanded on eephalolateral angle. Genital 
styles of males, basal two-thirds broad, apical third narrowed and bent dorsad 
at an angle with rest of style, the apical angles extended into sharply pointed 
apices, the caudal one longer than the cephalic one. 
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Clastoptera obtusa var. obtusa Say. 

Cercop i« obtusa Say. Sav, Thomas. Compl, Writ. II, p. 266; 1826. 

Clastoptera obtusa var. pallida Bail. Ball, E. D. Ia. Acad. Set. XXVI, p. 146; 1919. 

writer’s DESCRIPTION. 

Color. A mottled brown and fuscous species Vertex pale yellow with light 
reddish-brown band on anterior margin, posteriorly reaching ocelli. Face, 
lower half of postclypeus and gen®, mandibular sclentes and anteclypeus all 
blackish-brown, rest of face light cream-yellow with four or five pairs of black- 
ish-brown arcs on postclypeus cephalad of dark portion, sometimes faint indi- 
cations of lighter areas along posterior and lateral margins of postclypeus, 
lor® and anteclypeus, and occasionally these lighter areas, merging to form a 
light band dividing the dark areas Pronotum, anterior half pale straw-yellow, 
excepting a light reddish-tan band on anterior margin and a second darker 
reddish-brown band posterior to first, the caudal half shading from lighter 
brown to very dark brown. Scutellum, basal part orange-tan, fading to lighter 
yellow with extreme apex and base somewhat washed m fuscous. Elytra, 
mottled m brown, fuscous and white; claxus mottled brown and fuscous with 
an oblique, usually indistinct or barely discernible, whitish band across middle, 
corium mottled brown and fuscous, \wth an oblique white band which is united 
at the claval structure with the white cla\al band, and then extends cephalad 
across middle of corium to costal margin, where it merges into a large white 
spot, the white band again dixided bv a nanow oblique brownish-black band 
and followed posteriorly by a dark fuscous cloud which forms a dark spot on 
costal margin, from whence it fade*, into pale h\ aline on apical third with the 
\emi> standing out m sharp contrast, the explanate costal margin pale hyaline, 
apical callous black, bordered anteriorly b\ white and a small white spot m 
cell just anterior to apical callou* Coxa of first two pairs of legs dark, tro- 
clmnter yellow with a \entral brown spot, femur dark brown with a whitish spot 
at apex and sometimes a \erv taint white line running along cephalic margin, 
tibia and tarsus washed in a lighter shade of brown excepting the last segment 
of the tarsus which is brownish black Hind legs xvith somewhat the same pat- 
tern but generally lighter, except for the dark spines Mesothorax blackish, 
mottled with yellow; anterior part of metathorax dark, rest lighter. Abdomen, 
segments of the female usuallx yellow with o \ ipositor washed m brown; seg- 
ments of the male daik with the margins yellow, 

CoMPMtATiwc Nones. Clmtttytera obtusa, and al*o its xanety Instts, may be 
confused with five closely related species, namely C. elongate, C, pallido- 
ccphala, (\ tncxncta, C ovata and C sisktyou The obtusa forms can usually 
be separated from these other forms xery easily by the color pattern of the 
face. In obtusa the lower half of the face is all dark, blackish-brown, or else 
somewhat mottled with lighter brown, while these other species all b have a 
light face with an irregular, dark band across the middle 

The inner valve* of the ovipositors in these three species differ in the fol- 
lowing ways: Obtusa has the two notches spaced farther apart than m any of 
the others, and the distance from the basal notch to apex of the valve is 
longer than in the others. The only two which approach these proportions in 
any way are elongate and tndneta, However, m these two species the valve* 
are longer, different in shape, and with the notches much more distinct than 
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in obtusa . The teeth on the valves likewise vary. Obtusa has the most, 
numbering approximately U5 to 125, while palHdocephah and mkigou have 
about 160 , trioincta about 109 , and elongata and ovata both have an irregularly 
jagged edge. 

The writer does not consider the variety pallida Ball as a distinct variety. 
It was undoubtedly described from teneral specimens which did not have a 
chance to color up properly. 

Distribution. This has been taken from the following states: California, 
Colorado, Connecticut, Illinois, Iowa, Kansas, Maine, Maryland, Massachusetts, 
Michigan, Minnesota, North Carolina, Nebraska, New Hampshire, New Jersey, 
New York, Ohio, Pennsylvania, South Carolina, South Dakota, Tennessee, 
Texas, Virginia, Vermont, West Virginia, Wisconsin, and from Washington, 
D. C., and Montreal, Canada. 

This seems to be one of the commonest forms found m the United States. 
It appears in fairly large numbers in whatever locality it is taken. In a senes 
of approximately 200 specimens the sexes are about equally divided. 

Host Plants. Doctor Osborn (1916) speaks of it as the “alder spittle bug,” 
Doctor Ball (1927) reports if from alder, basswood and willow. In Kansas it 
has been taken from weeping oak, walnut and pawpaw trees, as well as the 
grass and shrubbery beneath these trees. Doctor Readio reared adults from 
nymphs that were feeding on hop horn beam. Van Diusee states that it is taken 
abundantly on blueberry. Lititner reported it from linden. 

Cla&toptera obtusa var. tristis Van Duzee. 

Van Diwee, E P. Bui Buf Sue. Nat S<i X, p f>0n: 1012 

ORIGINAL DESCRIPTION. 

The variety he (Ball) calls achatina , as I know from a specimen determined 
by him, is mostly fuscous, with the vertex and anterior margin of the pronotum 
narrowly fulvous, the former with a dark line. I propose the name variety 
tristis for this form. 

writer's description. 

Color. Resembling obtusa , except that the ground color is a bronze or 
golden brown with fewer light markings. Vertex pale yellow with light 
reddish-brown band on anterior margin, posteriorly reaching ocelli. Face, 
lower half of postclypeus and gena*, mandibular sclerites, anteclypeus all black- 
ish-brown; rest of face light cream-yellow, with four or five pairs df blackish - 
brown arcs, sometimes faint indications of lighter areas along posterior, lateral 
margins of postclypeus, mandibular sclerites and anteclypeus. Pronotum, 
anterior half pale, straw-yellow, excepting a light reddish-tan band on anterior 
margin and a second darker reddish«b*0Wn band posterior to first, the caudal 
half shading from lighter brown to very dark brown. Scutellum, basal part 
orange-tan, fading to lighter yellow, with extreme apex and base somewhat 
washed in fuscous. Elytra, bronze, or golden-brown, no white band on davits 
and only occasionally on corium, where it is barely indicated, posterior to die 
median, oblique dark band, sometimes the white band being a yellowish-tan, 
the explanate costa) margin pale hyaline, and the apical caUous black. Legs 
and under side of body as in obtusa . 
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Comparative Notes. See discussion m the description of the variety obtuw. 

DiftTRonmoN. Doctor Bail makes the following statement in regard to its 
distribution: "This form has been taken by the writer on alder at Ames, Iowa, 
at Kingston, Ontario, in the mountains of Colorado, on the slopes of Mount 
Shasta, California, and on wild grape in the dense swamps of Florida,” 

The following is a list of states from which this variety has been collected: 
Alabama, Arizona, California, Colorado, Iowa, Kansas, Maine, Massachusetts, 
Michigan, New Jersey, North Carolina, New York, Ohio, Pennsylvania, Florida 
and from Montreal, Canada. 

There seems to be an even distribution of males and females, for the series 
of 145 specimens at hand for study is divided into 79 females and 66 males. 

Location op Types. Collection of E. P. Van Duzee. 

Host Plants. From Doctor Ball's statements, given above, it seems that 
the host plants are probably the same as for obtusa. One specimen was col- 
lected by Mr. Morrison in the Arnold arboretum, Boston, Mass., from TU a sp. 

Clastoptera obtuea var. borealis Ball. 

Ball, E. D. Proc. Ia. Acad Sci. XXVI, p. I4S; 1919. 

ORIGINAL DESCRIPTION. 

Resembling typical obtusa in size and pattern, but much darker. Ground 
color dark, smoky-brown, with the vertex, anterior half of pronotum, except 
for a narrow transverse band, and the oblique saddle definitely set off in light 
creamy or white, in sharp contrast. Described from two examples from Nova 
Scotia from Doctor Brittain, one from Osceola, Wis , collected by the writer, 
and one from West Virginia. This is the common form in the Rocky 
Mountains and northern regions, and extends down along the coasts as far as 
Washington and 8an Francisco. It was the only form at hand from California 
at the time the writer reviewed the genus. The western specimens have the 
band on the pronotum somewhat broken and the lower part of the face light, 
thus agreeing fairly well with the description of UncatocoUis St&l, and were so 
referred. Since that time dark, smoky forms of the species that was known at 
that time as drhcata Uhl. have been found in California, and as Baker sug- 
gests, they are undoubtedly the form that Still described. 

WRITER S DESCRIPTION . 

Color. A mottled brown and fuscous species, resembling oblim but much 
darker. Vertex and front yellow, with an orange-brown band on anterior 
margin of vertex. Eyes brown. Face, lower half of poetclypeus, lower half 
of gen® posterior to antennal cavities, mandibular sclerites and anteclypeus 
all blackish-orown, rest of face light cream-yellow, crossed by five or six pairs 
of dark arcs, sometimes faint indications of lighter areas along lateroposterior 
margins of postclypeua, mandibular sclerites and anteclypeus mottled, oc- 
casionally these lighter areas merging to form a faint, light band. Pronotum, 
anterior half straw-yellow with a light reddish-tan band on anterior margin, 
and a second narrow, dark reddish-brown band posterior to first, the caudal 
portion shading from lighter brown to very dark brown. Scutellum, basal 
third orange-brown, sometimes washed in fuscous, tallowed by a yellow area, 
then a band of brown, another area of straw-yellow and apex blackish-brown. 



68 


The University Science Bulletin. 


Elytra mottled brown, fuscous and white, clavus with a broad, white, distinct 
band across middle, rest of clavus dark brownish-fuscous; cerium, dark 
brownish-fuscous with the exception of a broad hyaline area at base of costal 
margin, the hyaline apical third bearing the well accentuated dark brown veins, 
a white band across middle of corium beginning at the white band on Clavus, 
then running cephalad across corium to costal margin, these two bands together 
making a prominent white V on each elytron, an oblique dark brown band 
running through the white band on corium, which broadens into a large, ir- 
regular dark brown spot just before reaching costal margin, apical callous 
black and prominent. Coxa of first two pairs of legs dark, trochanter yellow 
with a cephalic brown spot, femur dark brown on cephalic and lateral sides, 
caudad portion somewhat lighter, a whitish area at apex, tibia and tarsus 
washed in brown. Coxa of metathoracic legs yellow, trochanter yellow with 
a cephalic spot, femur and tibia as above, with black spines, the base of each 
spine surrounded by a definite white area. 

Comparative Notes. The writer thinks that the reasons for making this a 
distinct variety are not very substantial. It is true that the extreme dark 
specimens of this variety and the extreme light specimens of obtusa are rather 
conspicuously different. Yet one can find an endless number of gradations 
between these two forms. In other words, there is no clear line of demarcation 
which sets off a large series of borealis on one hand and a large series of obtusa 
on the other, as can be done with tristis. 

Clastoptera obtusa var. borealis may be very easily confused with two other 
species, C. lawsoni and C. arizonana. The three species are somewhat alike 
m general color pattern, since they are all dark brownibh-fuscous species with 
a distinct oblique white band across elytra. However, both lau\soni and 
arizonana have this band much broader than that of the var. borealis . Then, 
too, lawsoni has a shiny, semitransparent, darker pronotum than borealis has. 
Moreover lawsoni is a more globose specigs with the margins of the elytra more 
expanded at base and diverging than in the obtusa form where the margins 
are more nearly parallel. The front of lawsoni is more extended anteriorly 
than m obtusa , while the wrinkles of the pronotum are much broader and less 
numerous. 

Clastoptcra obtusa var. borealis can be separated from C. arizonana, in ad- 
dition to its having a narrower white band on elytra, by the fact that it is much 
larger, with a much broader head and pronotum and longer body. The costal 
margins of the elytron flare slightly more in borealis than in this species, and 
the front is clearly more produced in arizonana than in borealis, its length in 
the former being even longer than the vertex, while in borealis it is scarcely 
visible beyond vertex. Also, the wrinkles of the pronotum are much finer and 
more numerous in borealis than in arizonana, where they seem to have dark 
furrows between them. 

The male genitalia show very little difference between these three species 
unless they are placed side by side. Then it can be seen that the styles of 
arizonana are stouter and shorter than those of obtusa or lawsoni. The inner 
valves of the ovipositors differ, however, and thus indicate that three species 
are involved. The valve of borealis is much larger in every way and the two 
notches are spread much farther apart than in the other two. The teeth also 
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Vary, numbering between 115 and 125 in borealis, about 96 in larnoni .being 
very faintly indicated between the two notches, and only about 67 in amonema. 

Distribution. Doctor Ball states that he ‘‘has taken nymphs and what ap- 
peared to be immaturely colored males of this form in abundance on the 
beaked hazel brush in shaded areas at Woods Hole, Mass., on July 11, 1925. 
He has taken this form on alder in the Rocky Mountains, on basswood in 
Iowa, and on grape in a Florida swamp. It seems to be found most abun- 
dantly in damp and shaded situations from Nova Scotia to the Pacific, and 
south to West Virginia in the Appalachians and Colorado in the Rockies.” 

From the specimens in the collections at hand for Btudy it seems apparent 
that borealis is found along with obtusa. It has been taken from the following 
states : California, Colorado, Connecticut, Iowa, Kansas, Massachusetts, North 
Carolina, North Dakota, New Jersey, New York, Michigan and Florida. 

In a series of 200 specimens the proportion of the sexes is equal. 

Location op Types. In the collection of Dr. E. D. Ball, Sanford, Fla. 

Hosts. Doctor Ball mentioned beaked hazel brush, alder, basswood, and 
grape. In Kansas they have been taken on oaks, walnut and pawpaw. 

Clastoptera achatina Germar. 

(Plate# III, VI, X, XIV, XVIII, XXII, XXIV, XXVI.) 

Clastoptera achattna Germar. Germar. Zeit. f Ent. I, p 87 ; 1888. 

Clastoptera obtusa subsp. I. var. r, Germar. Ball, E. D. Ia. Acad. Sci. Ill, p. 100; 1805. 
Clastoptera obtusa var. achatina Germ. Van Duaee, E. P. Cat. Hemip., p. 618; 1017. 
Clastoptera obtusa vai. achattna Germ. Steams, L. A. Hemip. Conn, p. 286; 1928. 
Clastoptera obtusa var. achattna Germ. Ball, E. D Can. Ent. LIX, p. Ill; 1027. 

ORIGINAL DESCRIPTION. 

Testacea, fronte nigra, elytris ante apicem fuscis, macula submarginali ante 
apicem nigra, femoribus medio fuscis. Hab. in Pennsylvania, Zimmermann. 
Two bis 2% hr. lang rothgelf oder grau gelf, stim and Mittleburst, bisweilen 
auch der Hinter-theil des Bauches schwarz. Deckschilde von der mitte weg 
bis vor die Spitze Schwarzlichbraun, doch bleibt ein Fleck am Seitenr&nde 
heil. Die Ader des vorderrandes fuhrt vor ihrer spitze emem schwarzen Fleck. 

WRITER'S DESCRIPTION. 

Size. Length: 9 4.5 mm. to 4.8 mm.; £ 3.45 mm. to 4j05 mm. Width: 
9 2.7 mm. to 2.85 mm.; $ 225 mm. to 2.4 mm. 

Shape. A semielongate species with a broad head and pronotum resembling 
obtusa. 

Color. Front, vertex and pronotum all uniform tawny-yellow, eyes brown. 
Face yellow, marked as follows: A broad brown band across middle of 
poetclypeus, a large brown spot mesad of band on each gena, a spot caudad 
of mesocaudal angle of eye, a brown spot on caudal portion of iqandibul&r 
sclerites' and another across anteclypeus, or sometimes all of mandibular 
sclerites and most of anteclypeus dark brown, with occasionally even the caudal 
margin of postclypeua somewhat darkened. Seutelium tawny-yellow. Elytra, 
basal third of davue and anal margin as far as membrane tawny-yellow, rest 
of elavus dark fuscous, sometimes with an oblique* indistinct yellow band 
across middle; corium brownish-fuscous, with an oblique, white band which 
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is united on cl&val suture with the white claval band, then extends cephalad 
across middle of corium to costal margin, the white band again divided by a 
narrow, oblique brownish-black band and followed posteriorly by a dark, 
fuscous cloud which fades into a tannish-gray hyaline on apical third with the 
dark veins standing out distinctly, the explanate costal margin pale hyaline, 
apical callous dark brown or black. Legs, usually a dusky yellow, coxa of first 
two pairs dark or mottled, femur and tibia light with a longitudinal dark stripe 
on lateral and cephalic sides which sometimes are very broad, merging to- 
gether so that the entire cephalic and lateral sides are dark; tarsus, excepting 
spines and last segment, light. Hind legs light, excepting spines and last 
segment, which are black. Mesothorax usually dark. Metathorax light or 
mottled. Abdomen with segments dark, margined in light. 

Structural Details. Vertex depressed transversely, anterior margin some- 
what carinated. Length of each eye one-fourth width of head. Ocelli located 
a trifle nearer anterior margin of head than pronotum, the distance between the 
two ocelli equal to distance between each ocellus and eye. Front extending 
beyond vertex for approximately one-half its length. Postclypeus only slightly 
inflated, its length approximately twice length of anteclypeus, its width only 
slightly greater than gena and eye. Pronotum dull, its length slightly greater 
than half its width, with eighteen to twenty deep wrinkles along median line, 
the grooves between them wider than in obtusa, anterior margin angularly 
produced, posterior margin deeply emarginated, lateral margins slightly diverg- 
ing. Scutellum, length about two-fifths greater than width. Elytra, scarcely 
inflated, length of one almost three times its width, base of costal margin flar- 
ing, then almost parallel-margined to apical third of elytron, from whence it 
abruptly incurves to rounded apex, their surface covered by many hairs, 
compared with other species in the genus. Wing venation, cell R5 rectangular, 
longer than wide, cell R3 shorter than cell first M4, and apical callous small, 
usually occupying only basal half of cell Ri, rest of cell thickened. 

External genitalia: Pvgofer of female about equal in length and width, 
ovipositor exposed about one-seventh of its length beyond pygofer. Male 
genital plates broad at base, their inner apical angles rounding, laterodorsal 
angle of pygofer extended into a long, finger-like flap, styles exposed for about 
one-third their length. 

Internal genitalia: Lateral valve of ovipositor broad and roundingly pointed 
at apex, its basal dorsal half membranous, ninth stemite two-thirds length 
of valve; inner valves flat, bladelike, united for almost half their length, the 
free apical margins bearing small distinct teeth, numbering about ninety-five 
and two distinct notches, one at point of union of the two valves, the other just 
posterior to base of apical third, (lenital styles of males, basal two-thirds 
broad, apical third narrowed and bent dorsad at an angle with rest of style, 
the apical angles extended into sharpty pointed apices, the caudal one being 
longer. 

Comparative Notes. C. achatina has been considered as a variety of oh- 
tma by many writers. The writer considers it a distinct species for the fol- 
lowing reasons: First, because of its outstanding color, namely, the yellow 
head and pronotum in* achatina, which separates it very readily from obtusa . 
Then, too, the wrinkles on the pronotum are less numerous in achatina , num- 
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bering 18 to 20 on median line, while in obtusa there are usually about 25. 
Moreover, the wrinkles are deeper with the grooves between them wider than 
in obtusa, Lastly, the inner valve of the ovipositors of the two species differ, 
although not as markedly as in other species perhaps. The chief differences 
are that the valve of achatina is more slender and narrow as compared to that 
of obtusa and has fewer teeth, namely, about 95 while those of obtusa number 
between 115 and 125. 

Distribution. The type locality for this species is given as Pennsylvania. 
Doctor Ball speaks of it as a “rare species” A series of fifty specimens have 
been taken in Kansas from Atchison and Leavenworth counties. The speci- 
mens from other collections numbered about thirty, making the total num- 
ber of eighty, of which sixty were females and twenty were males. They 
have been taken from the following states: Connecticut, Florida, Indiana, 
Maryland, Massachusetts, Missouri, New Jersey, New York, North Carolina, 
Pennsylvania. Ohio, Texas, West Virginia, Wisconsin, and from Washington, 
D. C. 

Host Plants. One specimen, collected by Mr. Morrison, in the National 
Museum collection was taken from the Arnold arboretum, Boston, Mass., on 
Tilia sp. 


Clastoptera lawsoni sp. new. 

(Plates III, VI, X, XIV, XVIII, XXII, XXIV, XXVI ) 

Size. Length: 9 4.05 mm. to 4.5 mm.; $ 2.4 mm. to 2.62 mm. Width: 

9 3.45 mm. to 3.9 mm.; $ 2.1 mm. to 2.55 mm. 

Shape. A broad, short, medium-sized species with gradually rounding head 
and elytra moderately inflated. 

Color. A yellow and fuscous species with a conspicuous white band across 
elytra. Head and vertex solid yellow, occasionally two or three pairs of 
darkish arcs showing on front and two brownish spots on vertex. Eyes brown. 
Face yellow, with the following dark markings: An irregular brownish band 
across middle of post cly pens,* not extending to margins in some cases and 
occasionally almost lacking, another brown spot laterad of this on each gena 
and a brown spot on apex of anteclypeus. Pronotum, semihyaline on central 
portion with dark body showing through and giving this portion a darker 
appearance, the outer edges irregularly margined and spotted with opaque 
yellow, a broad reddish-brown band across middle. Scutellum cream-ycllow, 
washed in orange or sometimes all reddish-tan, occasionally a reddish-brown 
band at base and a dark arc across middle. Elytra ground color, fuscous, the 
clavus bearing a broad, distinct white band across middle, eorium with this 
white band continued transversely to costal margin, thus making a shallow 
white V on each elytron, the explanate costal margin and apical third of 
elytron hyaline, an oblique dark band across middle of eorium partially divid- 
ing the white band, auother dark spot just caudad of middle of elytron and 
a darker brownish cloud caudad of white band, apical callous brownish and 
apical veins somewhat darker brown than rest of elytron. Lege, coxa of first 
two pairs yellow at base and dark brown at apex, trochanter yellow, with a 
cephalic brownish spot, femur yellow with & broad ^brownish band on both 
cephalic and caudal surfaces, this cephalic band at apex interrupted by a 
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yellowish, longitudinal spot, tibia brown with a darker brown band indicated 
on ventral surface, tarsus brown with black daws. Bind leg, coxa and tro- 
chanter yellow, femur yellow, with a brown basal ring and a broad band 
running almost to apex on cephalic surface, tibia mottled fuscous and yellow 
with apices of spines black. Mesothorax blackish-brown. Metathorax yellow. 
Abdomen yellow or washed in brown. 

Structural Details. Vertex not depressed transversely, the anterior margin 
barely carinated. Length of each eye over one-fourth the width of head. 
The ocelli located midway between anterior and posterior margins of vertex, 
the space between the two ocelli about equal to the distance between each 
ocellus and eye. Front extending beyond vertex about two-thirds length of 
the latter, gena and front gradually rounding anteriorly from eye, giving the 
head a characteristic rounded appearance. Postdypeus moderately inflated, its 
length twice that of anteclypeus, and its width slightly greater than space 
between its lateral margin and lateral margin of head. Pronotum, width almost 
twice its length, the anterior margin roundingly angulate, the lateral margins 
diverging and the posterior margin deeply emargin&te, the whole surface very 
shiny, with comparatively few broad wrinkles, numbering about eleven or 
twelve on median line. Scutellum, length two-fifths < greater than width. 
Elytra broad and moderately inflated, the length of one about two and one- 
half times its width, the length of clavus beyond apex of scutellum only three- 
fifths the length of the scutellum, each elytron narrowed at base, its margins 
then slightly diverging to a point on line with apex of clavus, from which 
point it tapers to a bluntly rounded apex. Wing venation, cell Rs much longer 
than wide, cell Rs smaller than cell first M4, the apical callous small, roughly 
diamond shaped, occupying only the cephalic portion of cell Ri. 

External genitalia: Pygofer of female longer than wide, exceeded by 
ovipositor for about one-tenth of latter. Pygofer of male, longer than wide, 
the genital plates divided on median line for about one-half their length, the 
caudomedian angles tapering toward middle of valve, exceeded by genital 
styles for about one-half their length. 

Internal genitalia: Lateral valve broad and spoon-shaped, tapering to a 
bluntly pointed apex, the ninth stemite slightly over one-half the length of 
the valve; middle valve flat and bladelike, tapering to a slender apex; inner 
valves flat and bladelike, united for half their length, their free inner margins 
bearing two distinct notches, the one at point of union of the two valves and 
the other at base of apical third, and about sixteen faintly indicated teeth 
between the two notches, and about eighty between the apical notch and apex 
of valve. Internal male genitalia of the obtvm type, the style broad and stout, 
its base expanded into a membranous flap, the basal three-fourths much 
broader than the apical fourth, with the margins of the former bent together, 
the narrow apical fourth bent laterad, with its extreme apical angles distinctly 
pointed. 

Comparative Notes. For the comparison of C. laweoni with C. obtusa var. 
borealis see the discussion in the description of var. borealis on page 68. 

Clastoptera lawsoni is very similar in appearance and structure to C. ori- 
zonana, although the *wo have many characters by which they may be sepa- 
rated. The chief structural differences between these two are as follows: 
lamonijs a larger, broader species than arizonam , with the margins of the 
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elytra greatly diverging and not parallel, while in arizonana they are only 
slightly flaring and parallel. The front of arizonana is greatly extended beyond 
vertex, more so than in either obtusa or lawsoni, the curve of the head of the 
latter being evenly rounded to that front and gena are emoothly joined to* 
gether, while in arizonana the anterior curve is broken at junction of gena and 
front and the head is more pointed. 

In color these two differ, since wrizonana is a chocolate-brown with the white 
band across elytra very broad, occupying a third of the length of the conum, 
while in lawsoni this band is distinct, but occupies about one-fifth of the elavus, 
and the general color of the elytra is a lighter brown. Also, the pronotum of 
lawsoni is very shining, transparent, and with a well marked reddish-brown 
arc crossing the disk, while in amonana the thorax is less shining, more opaque 
yellow, with the grooves between the wrinkles dark, a narrow brown band just 
caudad of anterior margin and a second very narrow one across the disk. 

The ovipositors of these two closely related species differ in the following 
respects: the inner valve of wrizonana is smaller with its base more expanded, 
followed by a constriction through middle, which lawscmi does not have. Then, 
too, the distance from the apical notch to apex of valve m arizonana is less 
than this same distance in lawsoni. Moreover, arizonana has fewer teeth, 
namely, about sixty-seven, with the ones between the notches as distinct as 
the rest from last notch to apex, while lawsoni has about mnety-six, with the 
ones between the two notches only faintly indicated. The male genitalia are 
quite similar, showing little difference except when compared side by side. 
The styles of arizonana as compared with lawsoni are stouter and shorter. 

DisnoBimoN. This species has been taken in various parts of Arizona, 
Dixie, Utah, Los Angeles, Cal., and Kerrville, Tex. The majority of the 
specimens have been taken in Arizona. 

The species was described from thirty females and fifteen males. Fifteen 
specimens were collected by Doctor Beamer, Doctor Readio and Mr. Anderson 
from Mescal, Ariz., and four specimens by Doctor Ball from Dixie, Utah. 
The others were specimens from the National Museum collection, which were 
collected by Uhler, Coquillett, W. D. Pierce, F. C. Pratt, Barker and Schwarz, 
and H. G. Hubbard. 

Hosts. On the specimens collected by Hubbard and Pierce are labels stating 
that they were collected from grape. 

Clastoptera amonana sp* new. 

(Plates m, VI, X, XIV, XVIII, XXII, XXIV, XXVI ) 

Size. Length: $ 3.5 to 3.7 mm.; £ 3.52 mm. Width: $ 2.17 mm.; £ 
1.95 mm. 

Shape. A very small, slender species, parallel-sided with a greatly elongated, 
enlarged front. 

Color. A dark-brown and yellow species with a conspicuous broad, white 
band across elytra. Front yellow, crossed by three or four pairs of reddish- 
brown arcs. Vertex yellow with a narrow reddish-brown stripe just caudad of 
anterior margin between the eye and ocellus, another orange spot sometimes 
present caudad of this. Eyes light brown or tan. F&ce cream-yellow, with a 
solid dark brown band extending across postclypeus and gena to eye, there 
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being cephalad of this on postclypeus six or seven pairs of prominent dark 
brown arcs, the antennal socket, area caudad of eye and a small spot on 
antedypeus likewise dark brown. Pronotum cream with the grooves between 
the wrinkles dark and two distinct brown bands, the one just caudad of anterior 
margin which sometimes may be broken up into four rectangular spots, the 
second band forming a narrow arc just anterior to middle of disk. Scutellum 
creamy with a large reddish-brown spot at base, and a broad dark V across 
middle. Elytra, brownish, a broad white oblique band across middle third of 
clavus, this band continuing across corium to costal margin, explanate costal 
margin and apical third of corium distinctly hyaline with veins, large bulbous 
apical callous, and an oblique narrow band running through the white band 
dark, standing out in sharp contrast to rest of corium, the membrane distinctly 
whitish-hyaline. Legs tnostly dark, with coxa of first pair dark on basal half 
and rest light brown, trochanter with a large brown spot on cephalic surface, 
femur with a dark brown longitudinal stripe running down middle and a 
narrow, yellow longitudinal band on either side of it, tibia blackish-brown with 
a yellow crescent at base, tarsus dark brown and claws almost black. Second 
pair of legs similar to first, except the femur which it? all dark brown on cephalic 
surface except for an oblique yellow band at apex. Hind legs with coxa, 
trochanter, and femur like second pair, tibia brownish with large white spots 
cephalad of lateral spines, the spines brown with black tips, tarsus brown with 
blackish claws. Mesothorax dark brown. Meta thorax dark brown anteriorly, 
fuscous-tan posteriorly. Abdomen dark brown laterally, the inner margins of 
pleura and pygofer of female lighter. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
slightly carinated. Greatest length of eye somewhat more than one-fourth the 
width of the head. Ocelli nearer to anterior margin of vertex than pronotum, 
the space between the ocelli equal to the distance between each ocellus and 
eye. Front greatly extended beyond vertex, its length longer than vertex. 
Postclypeus moderately inflated, more so than in obtma and less than in 
proieus, its length somewhat over twice the length of antedypeus, its width 
one-third wider than space between its lateral margin and outer margin of 
head. Pronotum almost twice as wide as long, anterior margin roundingly 
angulate, posterior margin deeply emarginate, its surface traversed by broad 
wrinkles on median line with deep furrows between them. Scutellum 
one-third longer than wide. Elytra, length of one about three times its width, 
length of clavus beyond apex of scutellum less than one-half length of clavus, 
base of costal margins only slightly flaring, as compared to C. lawsoru , then 
parallel-margined to apical third of elytron, from whence they taper to a 
bluntly pointed apex. Wing venation, cell Jls just slightly longer than wide, 
cell Ra smaller than cell first M4, the apical callous roughly diamond-shaped, 
prominent, occupying only the cephalodorsal portion of cdl Ri. 

External genitalia: Pygofer of female longer than wide, only slightly ex- 
ceeded by ovipositor, approximately one-eighth or one-ninth of valve. Pygofer 
of male much wider than long, the laterocaudal angles greatly elongated into 
long slender processes, the genital plates separated on median line for a little 
over half their length, the medioeaudal angles bluntly rounded, exceeded by 
genital styles for about half their distance. 
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Internal genitalia: Lateral valve of ovipositor broad and spoon-shaped, 
tapering to a bluntly pointed apex, its laterodorsal half membranous, the ninth 
sternite about three-fourths the length of vajve; middle valve flat and blade- 
like, tapering to a slenderly pointed apex; inner valve flat and blade- 
like, its base broad, then constricted, from whence it broadens again abruptly, 
the two valves united on inner margins for half their length, their free inner 
margins bearing two notches, the one just caudad of point of union of the two 
valves, and the other at base of apical third, and thirteen distinct teeth be- 
tween the two notches and about fifty-four between apical notch and apex. 
Male style, broad at base, margins of the basal two-thirds bent together, the 
apical third considerably narrowed and bent laterad, the extreme apical angles 
in the form of sharply pointed hooks. 

Comparative Notes. See the discussion under this heading in the descrip- 
tion of C. lawsoni on page 72. 

Distribution. The species was described from nine specimens, seven of 
which were males and two females. The females were collected by Dr. P. A. 
Readio and Dr. F. H. Snow. The male« were collected by Uhler, C. F. Baker, 
Dr. Snow, and Dr. R. H Beamer. 

Location op Types. Holotype and allotype, Snow collection, University of 
Kansas. 

Hosts. Unknown. 

Claxtoptcra xanthoccphala (lennar. 

(Plates IIT, VI, X, XIV, X\ III XXII, XXIV, XXVI ) 

Geimar. Zeit f. Ent , p. ISO ; ]h8l». 

ORIGINAL DESCRIPTION. 

Nigra, capite flavescente, fionit.% facia nigra, elytns maculis marginatibus 
hyalin is, puncta calloso unter apicum nigro, pedibus pallido-fuscaque annulatis. 

Habitat in Pennsylvania, Carolina. Zimmerman. One and one-half lin 
lang, Kopf gelb, under schcitol dunkel, erne qweerbinde auf der unterseite 
schwarz. Deckshilde schwarz, ein Fleck am \ orderrande vor der Spitze, ein an- 
derer, der den ganzen Hmterrand einnimmt, glashell, iatzerer mit einem 
schwarzen sehweilegon Punkte \or der Yorderecke Beine gelblich, braun 
geringelt. 

waiter’s description. 

Size. Length: $ 2.9 mm. to 3.3 mm.; $ 2 4 mm. to 3 mm. Width: $ 
1.95 mm. to 2.1 mm.; $ 1.65 mm. to 2.1 mm. 

Shape. A short, compact species, with margins of the elytra almost parallel. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
slightly carinated. Length of each eye slightly over one-fifth the width of 
the head. Front exposed beyond vertex about two-thirds of the length of the 
vertex, more roundingly produced than in the protens group. Ocelli located 
midway between anterior and posterior margins of vertex, with the distance 
between the two ocelli equal to the distance between each ocellus and eye. 
Poetclypeus very slightly inflated, its width greater than combined gena 
and eye, length one and three-fourths times the length of anteclypeus. 



76 " The Univebsity Science 

Pronotum shiny, with about twenty-three fine, even wrinkles, cephalic maxigin 
somewhat more produced than in proteus group, posterior margin deeply 
emarginate and lateral margins diverging. Scutellum very long, one-fifth 
longer than distance from its apex to apex of elytron. Elytra, length approxi- 
mately two and two-thirds times width of one, base of costal margin flaring, 
then parallel-margined to apical fourth, from whence it abruptly incurves to 
rounded apex, covered by a fairly scant pubescence, less than in solids and 
hyperid but more than in proteus. Wing venation, cell Es about equal in 
length and width, or slightly wider than long, cell Rs much smaller and shorter 
than cell first M 4 , apical callous round and bulging, occupying most of cell R*. 

External genitalia: Pygofer of female about equal in length and width, 
ovipositor extending beyond pygofer for about one-fifth of its length. Pygofer 
of the male slightly broader than long, its laterodorsal angle expanded into 
a long, slender, tapering process; male genital plates broad at base, inner 
margins rounding to a blunt apex, the genital styles scarcely visible beyond 
plates. 

Internal genitalia: Lateral valve of ovipositor tapering to a pointed apex, 
its length not quite twice the length of the ninth stemite; inner valves united 
for approximately half their length, the free apical half bearing regular, dis- 
tinct teeth, numbering seventy-seven to seventy-eight, and two very small 
inconspicuous notches, one at point of union of the two valves, the other at 
base of apical third; the middle valve blade-like, expanded into a sharp angle 
at base and tapering to a pointed apex. Styles of male broad and stout, base 
extended into a flap, apical fourth bent dorsad; the apical angles both extended 
into sharply pointed apices, the inner one longer and more sharply pointed 
than the outer one. 

Clastoptera xanthocephala var. xanthocephala Germar. 

Color. A very dark brown, uniformly colored species. Front from above 
usually yellow washed in dusky. Vertex usually dark brown with the anterior 
margin somewhat lighten in some cases being tannish-yellow like the front. 
Eyes dark brown. Face, postclypeus all yellow, except for four or five pairs 
of dark arcs on anterior two-fifths, and a conspicuous dark band extending 
across the middle, mandibular sclerites and anterior half of anteclypeus yellow, 
rest of face dirk brown with the exception of the area anterior to and sur- 
rounding the antennae. Pronotum uniformly dark brown, or sometimes with 
a lighter brown band across anterior margin. Scutellum dark brown. Elytra 
uniformly dark brown and shiny except in the following places: A white 
hyaline spot half way down costal margin, the explanate costal margin anterior 
to this subhyaline washed in brown, and the extreme apical portion beyond 
clavus hyaline with the veins and black apical callous standing out in sharp 
contrast. First two pairs of legs varying from light to dark brown, with a 
light spot at base of tibia and sometimes another at apex, tibia of hind legs 
dark brown with a white spot at apex, and rest of segments light or varigated, 
with dark brown or blackish spines. 

Comparative Notes. Since this is a blackish form it may easily be confused 
with any of the other black forms in the genus, such as C. proteus var. osceola, 
C, saint-cyri var. anceps, C. hyperid, C. hinotata, C. sierra, and the males of 
Uneatocollis and brunnea . From ail of these, however, it can easily be separated 
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by the color pattern of the face. la osceofa, ancejw and hyperici there is a 
broad, shining blade band on anterior portion of the postclypeus, with the re- 
mainder a shining sulphur yellow, while in binotata the postelypeus is black 
crossed by light arcs, and in sierra it is all black. On the other hand, xantho* 
oephala differs from all of them because the black band extends only across 
the middle of the postelypeus. C. xanthocephala also differs from asceola, 
hyperici and anceps in the color pattern of the elytra, since it has a whitish 
spot half way down on the costal border, which the others lack. Binotata, on 
the other hand, has this spot, too, but can easily be dist i n g ui s hed from xantho~ 
cephala in that the latter has a more or less shining pronotum with many fine, 
shallow wrinkles (see drawing) while binotata has a dull black pronotum with 
half as many deep wrinkles. This latter characteristic also distinguishes sierra 
— which is like binotata — from xanthocephala . 

C. xanthocephala differs structurally from the other species in many ways. 
The ocelli are located farther apart than in osceola or anceps , the space be- 
tween the two ocelli in the latter two being about one-half the distance be- 
tween each ocellus and eye, while in xanthocephala these spaces are about 
equal. The lateral margins of the elytra are parallel in xanthocephala and start 
to curve toward apex at base of apical fourth instead of at base of apical third, 
as in the others. The scutelium is very long m proportion to the elytra and 
the membrane of the elytra is proportionately less than in any other of the 
species, which makes xanthocephala look much more blunt than the others. 

For discussion of the ovipositors of these species, see page 32 in the descrip- 
tion of binotata. For comparison of xanthocephala with the males of brunnea 
and lineatocoUis, see page 23. 

Distribution. C. xanthocephala has been taken in the following states: 
Alabama, Arkansas, Arizona, California, Colorado, Florida, Georgia, Iowa, 
Kansas, Louisiana, Maine, Maryland, Massachusetts, Mississippi, New Jersey, 
New Mexico North Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, 
Texas and Washington, D. C. 

Apparently the species is more or less of a southern form, since it has 
been taken most abundantly in the southern states such as Georgia, Alabama, 
Mississippi and Texas. 

The distribution of the sexes m a series of 5S1 specimens taken from all 
over the United States is about equal, with possibly a few more males than 
females. 

Host Plants. The writer has no notes to contribute as to its host plants. 
Doctor Ball states that he “has found the frothy masses of this species on 
many different plants in Florida, ranging from shrubs and trees to grass, but 
its favorite hosts appear to be Ambrosia and Helianthus” 

Cla&toptera xanthocephala var. unicolor Fowler. * 

Clast apt era unicolor Fowler. Fowler. Biol. Cent. Am. Homop. It, p. 206 ; 1897. 

Claetoptera xanthocephala vmr. glauca Held. Heidemmm. Proc. Ent. Soc. Wash. IV, p. 

899 fig. 1901. 

CUutoptera xanthocephala var. glauca Hetd. Van Dusee, $. P. Bui. Buf. Soc. Nat. Set. 

X, p. 60S. 1912. 

CUutoptera umcolor Fowler. Van Duiee, E. P. Oat. of Hemiptera. 1917. 
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NOTES ON SYNONYMY. 

Doctor Ball in 1898 mentioned two color varieties of xanthocephala which he 
called A and B, distinguishing them’ from each other by the fact that the 
former was black above while the latter was glaucus. Then Heidemann in 1901 
found specimens of spittle bugs growing on chrysanthemums. He reared them 
out and called them C. xanthocephala var. glaucus Ball. Along with his dis- 
cussion he published a drawing, although he gave no written, technical de- 
scription with the drawing. In 1912 Van Duzee published the following account 
in the Bulletin of the Buffalo Society of Natural Science Vol. X: 

“There are two distinct and fairly constant varieties of this species found 
throughout the southern states. Doctor Ball lists them as varieties *a* and *b / 
The former is typical xanthocephala Germar, while the latter is a pale glaucus 
or grayish form, for which I now propose the above varietal name ( Clastop - 
tcra xanthocephala var. glauca ) 

But according to McAtee the correct name would be C. xanthocephala var. 
glauca Heidemann. The reason for this he sets forth in the following para- 
graph : 

“According to article 25a of the International Rules qf Zoological Nomen- 
clature (further construed in opinion 1) and previously long accepted practice 
among zoologists, the name glauca as used by Heidemann cannot be considered 
as nomen nudum as done by Van Duzee (1912) because it is accompanied by an 
illustration.” 

All of this discussion is somewhat unnecessary, however, since, as Doctor Ball 
(1927) points out, this form is synonymous* with C. unicolor Fowler (1898). 
Fowler’s written description fits the variety very well. Moreover, he himself 
states that it is identical with Fitch’s (\ arkant>ascmi$, a manuscript name. 
Arkansasensis, according to the records of systematic, seems to have been 
synonymous with the variety glauca of xanthocephala, 

ORIGINAL DESCRIPTION . 

A small, oblong species, more or leas dilated behind, of a uniform, dirty 
testaceous color (occasionally reddish), with the pronotum faintly impressed 
with transverse lines, and the tegmina (especially the clavus) more or le^s 
distinctly punctured; legs testaceous; underside somewhat pitchy. 3 inillum.; 
lat. 2 milium. Hab., Mexico (Bilimek, in Mus. Vind. Caes.) Vera Cruz (H. H. 
Smith); Guatemala, San Geronirno (Champion). 

This insect appears to be inseparable from C. arkansasenm Fitch (in litl.), 
and is also allied to Clastoptera rufescens and (\ xanthocephala Gormar, as 
well as to C. testacca Fitch; the last mentioned is longer, and differs in several 
particulars. 

writer’s description. 

Color. Front yellow, vertex yellowish-tan washed in brown. Face yellow, 
postclypeus crossed by a median transverse black band, cephalad of which are 
four or five pairs of dark brown arcs; most of antedypeus dark brown, genie 
anterior to and surrounding antennal cavities yellow, rest dark brown or black, 
except the mandibular sclerites, which are yellow. Pronotum mottled tan 
and dirty brown, lighter on anterior margin. Scutellum reddish dark brown. 
Elytra tanmsh-hyaline, becoming clearer on distal third and anterior to apical 
callous, a dear white spot midway on costal margin, the daik" body showing 
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through, giving a darker cast to the central portion, apical callous black. Legs 
mottled dark brown and yellow, tarsus of posterior legs yellow with the dark 
brown spines standing out in sharp contrast. Mesothorax black, metathorax 
yellow. Abdomen black. 

Distribution. The variety seems to have a similar distribution with the 
species. It has been taken from the following states: Alabama, Arizona, 
Arkansas, Florida, Georgia, Iowa, Kansas, Kentucky, Louisiana, Maryland, 
Mississippi, Texas, Virginia, and Washington, D. C. 

The distribution of the sexes is about equal, the writer having at hand for 
study 111 females and 91 males. 

Hosts. Apparently the same as for xanthocephala. 

Clastoptera texana sp. new. 

(Plates III, VI, X, XIV, XVIII, XXII, XXIV, XXVI.) 

Size. Length: 9 4.4 mm. to 4.6 mm.; $ 45 mm. Width: 92.7 mm.; 6 
2.4 mm. 

Shape. A fairly large, slender species with front only slightly extended and 
margins of elytra distinctly parallel, resembling the clongata group in size and 
shape, but more like the arborina group in coloring. 

Color. A yellow, brown and fuscous species with the general color similar 
to the wborma group. Front and vertex yellowi&h-tan, the latter with anterior 
golden-brown band reaching ocelli. Eyes brown. Face light yellow, marked 
as follows: A broad dark brown band across middle of postclypeus, preceded 
by five or six pairs of dark brown arcs, a brown spot on gena laterad of band 
between posfdvpeus and eye, antennal sockets darkened and a central brown 
spot on ant ecly pens. Pronotum with anterior brown border, becoming narrower 
at s’des, followed by a yellow band, then another brown band of equal width, 
rest dusky-tan. Scutellum yellow with extreme apex dark. Elytra, clavus 
yellow at base and along elytral margin for half its distance, rest golden- 
brownish-fuscous except for an irregular oblique light band across middle with 
a large dark brown spot at apex; conum with a longitudinal yellow spot near 
base, explanate costal margin and apical third tannish-hy aline, an oblique 
dark brown band across middle, interrupted before claval suture, partially 
bordered anteriorly and entirely bordered posteriorly by yellowish-white, a 
dark fuscous cloud posterior to white band, a dark spot midway on costal 
margin, veins and apical callous dark brown, bordered in yellow, a distinct 
yellow spot at apex of cell R 3 , Legs yellow washed in light brown, clavus 
dark brown, spines on hind tibia brownish with black tips. Mesothorax brown 
through center, lighter at sides. Metathorax yellow. Abdomen yellow. 

Structural Details. Vertex depressed anteriorly, anterior margin slightly 
carinated. Length of eye slightly over one-fourth the width of the head*. 
Front extended only slightly beyond vertex, not much over one-third length 
of vertex. Ocelli located much nearer anterior margin of vertex than pronotum, 
distance between the two equal to the distance between each ocellus and eye. 
Postclypeus twice as long as anteclypeus. Pronotum almost twice as wide as 
long, anterior margin rounding, lateral margins diverging, posterior margin 
deeply emarginate, its surface crossed by distinct but semishallow wrinkles, 
numbering about twenty or twenty-one along median line. Scutellum ap- 
proximately one-third longer than wide. Elytra only slightly inflated, length 
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of one about three times its width, base of costal margins flaring! then parallel- 
margined to apical third, from whence they abruptly taper to a blunt apex, 
surface covered by a relatively short fine pubescence. Wing venation, cell Rs 
longer than wide, cell Rs much smaller than cell first apical callous roughly 
rectangular, occupying only part of cell Ri. 

External genitalia* Py gofer of female, length and width equal, exceeded 
by ovipositor by about one-ninth of length of latter. Male genital plates 
broad at base, inner margins rounding to a blunt apex. 

Internal genitalia: Lateral valve of ovipositor broad, spoon-shaped, taper- 
ing to a roundingly pointed apex, its dorsobasal angle membranous, ninth 
8temite approximately two-thirds length of valve; inner valves flat, bladelike, 
their inner margins united for little over one-third their length, narrowed 
through middle, then broadened to form a distinct notch, followed by another 
distinct notch at base of approximate apical third, the margin between the 
first notch and apex of valve irregularly jagged and notched without distinct 
teeth. Male styles broad at base, the margins bent together, apical third slender, 
narrowed just before apex, then broadening out again with apical angles form- 
ing sharp points. 

Comparative Notes. See the discussion under this hea&ing in the description 
of arborina. 

Distribution. The species was described from three specimens, two females 
and one male, collected from Devil’s River, Texas, by Bishopp and Pratt. 

Location of Types. Holotype and allotype, National Museum collection, 
Washington, D. C. 

Hosts. Unknown. 

Clastoptera canyonensia sp. new. 

(Plates in, VI, X, XTV, XVIII, XXII, XXIV, XXVI ) 

Size. Length: $ 4.05 mm. to 4 5 mm.; $ 3.52 mm. to 412 mm. Width: 
$ 1.95 mm to 2.4 mm.; $ 1.95 mm. to 2.4 mm. 

Shape. A medium-sized, slender species, with head and thorax more 
narrowed than in C. uniformia, elytra only slightly inflated, their margins 
parallel. 

Color. A cream and tan species, one of the lightest colored species in the 
genus. Front entirely cream, vertex cream, bordered antenorly by a black 
band which is broader across middle third. Eyes yellowish-tan. Postdypeus 
cream with a broad, almost regular blackish band across middle third, five 
or six pairs of very faint tan arcs cephalad of this, rest of face cream except 
for antennal sockets, a spot on each gena laterad of transverse band, an 
elongate spot caudad of each eye, a spot on apex of anteclypeus and sometimes 
a small spot on line of demarcation between postdypeus and antedypeus which 
are dark. Pronotum solid cream, with a conspicuous blackish rectangular spot 
on each lateral angle and two irregular brownish spots on anterior margin just 
caudad and somewhat mesad of the eyes. Scutellum cream, with a faint 
tanmsh band at base and an indication of a dark shallow V across middle. 
Elytra uniformly cream and tan, the clavus entirely opaque cream on basal 
two-thirds, the apical third tinged with tan and the apical vein brown ; corium 
with explanate costal margin light, mesad of which is a tan Area, followed 
by a large wedge-shaped, opaque yellow area which is divided by a very faint 



Doebing: The Genus Cuastopteha. 81 

oblique brown band, the rest of elytron tannic-brown, becoming more hyaline 
near apex, the apical veins and callous, and a small spot in cell first M 4 brown, 
margined with opaque cream or yellow. Legs, anterior two pairs yellow, 
marked in dark as follows: Coxa with a conspicuous blackish-brown spot on 
cephalic surface, a faint spot on trochanter, femur with a broad longitudinal 
band on cephalic and caudal surfaces which fuse together near apex, leaving 
a white ring around apex, tibia with a longitudinal black band on cephalic 
surface fusing with a black basal ring, another short longitudinal bar in the 
yellow portion, tarsal segments brown with almost black daws. Coxa and 
trochanter of hind leg cream washed in light brown, femur with two very 
broad longitudinal dark bands which fuse near apex just anterior to an apical 
white ring, tibia yellow, spines dark brown with black tips, tarsal segments 
light except for the last segment, which is washed m brown, and the black 
spines and claws. Mesothorax brown, darker just laterad of labium. Meta- 
thorax yellow. Abdomen yellow with central portion of segments tannish, 
ovipositor and male pygofer darker. 

Structural Characteristics. Vertex slightly depressed transversely, an- 
terior margin slightly cannated Length of each eye less than one-fourth the 
width of the head. Front extending beyond vertex for about two-thirds the 
length of the latter Ocelli located nearer anterior margin of vertex than pro- 
notum, the distance between the ocelli practically equal to the distance be- 
tween each ocelli and eye Face, postclypeus moderately inflated, its length 
about twice the length of the anteolypeus and its width slightly greater than 
distance between its lateral margin and outer margin of the head. Pronotum 
regularly and seimdeeplv wrinkled, the wnnkles fine, numbering about twenty- 
three on median line, the an tenor margin roundingly produced, the lateral mar- 
gins diverging and the posterior margin deeplv emargmate. Scutellum, width 
about three-fifths of its length. Elytra covered with a fine, silky pubescence, 
the length of one about three times its width, the base of costal margin flaring, 
then parallel-margined for about two-thirds the length of the elytra from 
whence it tapers to a roundingly pointed apex. Wing venation, cell R$ much 
longer than wide, cell R 3 smaller than the cell first M 4 , the apical callous very 
prominent, ^11 of cell Ri being thickened. 

External genitalia- Pygofer of female slightly longer than wide, exceeded 
by ovipositor very slightly. Pygofer of male wider than long, exceeded by 
genital styles for about one-half their length, the genital plates separated for 
about one-half or two-thirds their length, the mediocaudal angles bluntly 
rounded. 

Internal genitalia' Lateral valve of ovipositor broad, spoonshaped, taper- 
ing to a bluntly pointed apex, its basal mediol&teral angle membranous, the 
ninth stemite slightly o\ er one-half its length ; middle valve flat and blade- 
like, tapering to a slenderly pointed apex; inner valve flat, bladelike, fairly 
stout, the inner margins of the two valves united for about one-third their 
length, their free inner margins bearing numerous fine teeth, numbering about 
105, and two distinct notches, the first and less prominent about midway on 
valve, the other approximately at base of apical third. Male styles broad at 
base, the margin of the basal two-thirds greatly expanded and folded together, 
the apical portion much more slender, tapering to a pointed, latemd-curving 



82 


The University Science Bulletin. 


apex. Connective roughly triangular, oedagus a long slender rod with two 
membranous lateral Saps on apical half. 

Comparative Notes. C. canyonensia superficially resembles C. uniformia. 
At first glance the color seetns to be similar, but upon closer examination there 
are noticeable differences. In general canyonensia is much lighter, with the 
black marks on vertex and pronotum sharply contrasting with rest of body. 
In uniformia the black marks are not present and the elytra are considerably 
mottled with fuscous, thus giving them a much darker appearance. More- 
over, the postclypeal band is very distinct in canyonensia but greatly reduced 
and inconspicuous in uniformia. Besides these color differences there are many 
structural ones. In the first place canyonensia is much smaller, with its head 
and thorax narrowed anteriorly, while uniformia has a much broader head and 
thorax. Moreover, the front is more produced in canyonensia than in the 
other, and the pronotal wrinkles, although numbering approximately the same 
along the median line in both species, are in reality closer together in canyon- 
ensia since the thorax is smaller in uniformia. Then, too, the apical callous 
is large in canyonensia, occupying all of cell Ri, but is smaller and inconspic- 
uous in uniformia. 

In addition to these external differences the ovipositors show variation. 
The ovipositor of canyonensia is smaller and the distance from its apex to 
first and second notches relatively longer than in uniformia. Lastly, the teeth 
of uniformia appear somewhat larger than in canyonensia, although this 
does not check very easily. 

Distribution. The entire series from which this species was described was 
collected from the Grand Canyon, Arizona, about nine hundred feet down 
in the canyon. A series of 233 specimens wore taken, of which 136 were males 
and 97 females. Four mating pairs were taken in this group. 

Location op Types. Holotype and allotype in the Snow collection, Univer- 
sity of Kansas, The collectors of this large series were Dr. P. A. Readio, Dr. 
R. H. Beamer and Mr. L. A. Anderson. 

Hosts. Unknown. 


Clastoptera uniformia sp. new. 

(Plates HI, VI, X, XIV, XVIII, XXII, XXIV, XXVI ) 

Size. Length: 9 4.8 mm.; $ 4.5 mm. Width: 9 27 mm.; <3 2.55 mm. 

Shape. A rectangular species with margins of elytra parallel, broad head 
and pronotum, and front extended only slightly beyond vertex. 

Color. A yellowish-tan species with elytra finely mottled with fuscous. 
Head, front and vertex yellowish-tan. Ocelli and eyes brown. Face entirely 
yellow except for an irregular, partially formed brown band through middle 
of postclypeus and a central longitudinal daik stripe on anteclypeus. Prono- 
tum entirely yellow in female, with four small reddish-tan bars caudad of 
anterior margin; male with a transverse, arcuated brown band faintly indicated 
across disk. Scutellum entirely yellow or with basal half reddish-b’wn 
bordered in yellow, a narrow dark band midway from base, interrupted through 
middle. Elytra yellow, finely mottled with fuscous, a small brown arc at 
base of clavus, a narrow, oblique brown band midway on eorium, interrupted 
before claval suture and broadening into a light-brownish spot on costal 
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margin, veins on apex dark brown, margined in yellow. Coxa and trochanter 
of first two pairs of kgs all yellow, femur yellow with a broad, cephalic dark 
band; apical portion of band being much darker than basal, tibia yellow with 
a dark brown ring around base, merging into a longitudinal dark band, another 
abbreviated dark longitudinal band laterad of this, tarsi yellowish-tan, claws 
black. Met&thoracic leg, coxa and trochanter yellowish, washed faintly in 
brown, femur yellow with a dark spot midway on lateral margin, tibia brown- 
ish tan, spines brown with black tips, their bases surrounded by white, tarsal 
.segments tan, tips of spines and daws black 

Structural Details. Vertex slightly depressed on each side of ocelli, 
anterior margin carinated. Length of each eye less than one-fourth the width 
of head. Front extending beyond vertex not more than one-half length of 
vertex. Ocelli located nearer anterior margin of vertex than pronotum, the 
distance between the ocelli less than the distance between each ocellus and 
eye. Face, postolypeus only slightly inflated, its length about one-third greater 
than length of anteclypeus. Pronotum very broad, almost twice as wide as 
long, regularly and semideeply wrinkled, wrinkles numbering about twenty on 
median line, antenor margin roundmgly produced, lateral margins diverging, 
and posterior margin deeply emarginate. Scutellum approximately one-third 
longer than wide. Elytra covered with a fine, silky pubescence, length of one 
elytron approximately three times its width, scarcely inflated, base of costal 
margins only slightly flaring, then parallel-margined to apical third of elytron, 
from whence it tapers to roundmgly pointed apex. Wing venation, cell Rs 
much longer than wide, cell Ra considerably smaller than cell first apical 
callous not greatly convex, occupying only the basal portion of cell Rj, rest 
of cell thickened but not protruding. 

External genitalia: Pygofer of female slightly longer than wide, exceeded 
by ovipositor about one-ninth of length of latter. Pygofer of male wider 
than long, genital plateii sepaiated for about three-fourths of their length, 
mediocaudal angle's bluntly rt unding, exceeded by style at least one-half of 
their length. 

Internal genitalia: Lateral \al\e of oupositor broad and spoon-shaped, 
tapering to a bluntly pointed apex, its basal mediolateral angle membranous, 
ninth stermte broad and short, slightly o\er half length of \alve; middle valve 
flat, bladchke, slender, constricted through middle, their inner margins united 
for about one-third their length, the free margins bearing two notches, the 
one caudad of base of apical third and the second slightly cephalad of it, 
the margin between apex of \alve and basal notch divided into about 108 
caudad-pointing teeth. Male styles broad at base, margins of basal two-third 
greatly expanded and folded together, apical portion very slender, tapering to 
a pointed, lai°rad-cumng apex. Connective roughly triangular, oeda&us a 
long, slender red with two membranous lateral flaps on apical half. 

Comparative Notes. See the discussion under canyoneima. 

Distribution. The species was described from two specimens, a male and 
a female, collected by Uliler m Arizona. 

Location op Types. U. S. National Museum collection, Washington, D. C. 

Hosts. Unknown. 
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Oastoptera dongata sp. new, 

(Plata III, VII, XI, XV, XIX, XXIII, XXIV, XXVII.) 

Size. Length: $ 4.8 mm. to 5 mm.; $ 42 mm. to 4.5 mm. Width: 9 2.4 
mm. to 2.7 mm.; $228 mm. to 2.4 mm. 

Shape. A long, slender species with margins of elytra uniformly parallel 
and little inflated. 

Color. A brownish-fuscous species marked with yellow and white. Front 
cream-colored traversed by three or four dark brown arcs. Vertex creamy- 
yellow with an interior orange-brown band which widens at ocelli. Eyes 
brownish-gray. Face creamy-yellow with dark brown markings as follows: 
The antennal sockets, a spot on each gena, the area caudad of each eye, a trans- 
verse band across middle of postclypeus which fuses with spots on gense, four 
or five pairs of heavy black bands anterior to this band, a small spot on clypeal 
suture, and a large spot on distal portion of anteclypeus. Pronotum cream- 
yellow, with caudal third dark, reddish-brown, a red-brown band on anterior 
margin, sometimes a second brown band with its lateral margin always darker 
brown, or occasionally this band only indicated at the sides, entirely lacking 
through middle. Scutellura golden-brown, irregular margined laterally with 
cream. Elytra, clavus a mottled bronze-brown, with usually a light irregular 
oblique band indicated across middle, corium a fuscous-bronze or brown, becom- 
ing more hyaline on apical third of body and with the following other mark- 
ings: Explanate costal margin cream hyaline margined faintly in brown, a 
dark brown oblique band across middle, ‘irregularly margined on both sides 
with white, the posterior white margin broadening into a white spot on costal 
margin, the apical callous and veins on distal third and a round spot m cell 
first M 4 very dark brown, and the cell anterior to apical callous hyaline; legs, 
coxa and trochanter of anterior two pairs yellow with a dark spot on cephalic 
surfaces, femur yellow with a very broad, longitudinal dark brown band, tibia 
mostly dark brown except for a cream-colored crescent near base on cephalic 
surface and another cream-colored spot at apex, tarsus brownish with last seg- 
ment darker and tarsal claws almost black. Hind leg with coxa and trochanter 
tannish, femur with a broad, longitudinal band which becomes much darker 
toward apex, tibia fuscous with white areas cephalad of the lateral and apical 
spines, the spines themselves darker with blackish tips, tarsus tannish with 
black spines. Mesothorax tan on lateral margins, becoming very dark brown 
laterad of labium. Metathorax tan. Abdomen mottled in fuscous and yellow. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
slightly carinated. Eyes, their greatest width one-fourth width of head. Ocelli 
located slightly nearer anterior margin of vertex than pronotum, the distance 
between the two ocelli about equal to the distance between each ocellus and 
eye. Front extending beyond vertex for about one-half its width. Postclypeus 
only moderately inflated, arising gradually from face at sides, its length 
about twice the length of the anteclypeus. Pronotum distinctly wrinkled, 
numbering about eighteen or twenty along median line, the wrinkles on caudal 
part more irregular and broken up than on the cephalic portion, cephalic mar- 
gin roundingly produced, caudal margin deeply emarginate, and lateral mar- 
gins short and slightly diverging. Scutellum about one-third longer than wide 
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Elytra scarcely inflated, long, slender, the length of one about three and one- 
half times its width, distance beyond apex of scutellum longer than length of 
scutellum itself, the elytra covered by a moderately fine pubescence, base of 
costal margin flaring, then parallel-margined to approximate apical third of 
elytron from whence it rounds to a somewhat pointed apex. Wing venation, 
cell R» much longer than wide, cell R 3 smaller than cell first M 4 , apical cal- 
lous prominent, occupying all of cell Ri. 

External genitalia: Female pygofer, length slightly longer than width, ex- 
ceeded by ovipositor for about one-fourth length of latter. Pygofer of male 
about one-third longer than wide, laterocaudal angles greatly elongated to 
form a slender ventrad-curving process; genital plates broad at base tapering 
to a roundingly pointed apex. 

Internal genitalia: Lateral valve of ovipositor broad, spoonshaped, tapering 
to a bluntly rounded apex, its ventral basal half membranous; middle valve 
flat, bladelike, base greatly expanded, then constricted, from whence it broad- 
ens out again, after which it tapers to a slender pointed apex. Inner valves flat, 
bladelike, their inner margins united for about half their length, the free apical 
margins bearing two conspicuous notches, the one at point of union of the 
two valves, the other at base of apical third, the margin between the two 
notches bearing very fine teeth, the rest from the last notch to apex having an 
irregular jagged edge but no distinct teeth. Males, basal one-half broad, its lat- 
eral margins expanded and bent together, the apical third slender, the extreme 
apical portion bent laterad and tailoring to a ^lender apex. Connective about 
twice as wide as long, roughly triangular; trdngus a broad, straight rod, the 
apical half bearing two lateral broad membranous flaps. 

Comparative Notes. This group of five species, (\ clongata , C. iridneta, 
C. pallid occphala, C . ovata and C dxkiyou, has caused the writer considerable 
trouble. Ordinarily the erection of five species resembling each other as 
closely as these do would not be justifiable. Externally they are exceedingly 
hard to distinguish, except by color. Yet the ovipositors show differences 
which are of enough importance to use as specific characters, that is. if the 
inner valve of the ovipositors in the other species is of taxonomic importance. 
It is so evident in other species in the genus that the ovipositors have specific 
value that in order to be consistent one would have to accept the evidence they 
offer here. Moreover, to find out whether the ovipositors are consistent for 
a given species or not six slides of clongata were made, five from one locality 
in New Mexico and one from Colorado, and five slides of pallidocephala were 
made. In every case they held true to form. 

These five species can be grouped into groups rather easily, based upon 
certain external characteristics. C. ovata and C. sivkiyou can be separated from 
the other three in that they are much shorter and broader, and the front 
extends beyond vertex the length of the vertex itself, while in the other three 
it extends not over half the length of the vertex. 

The three species, (\ clongata , C. jiaUidoci phala and C. tricincta , can be 
told apart externally only by color. Of the three, pallidocephala causes the 
least trouble. The head and pronotum of this species are typically lighter 
colored than in the other two. The front, vertex, and pronotum usually are 
cream-yellow with only occasionally dark markings, occurring in the following 
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places: An interrupted dark band on anterior margin of vertex, sometimes like 
be ginning of a band on each side of pronotum, which usually is lacking through 
the< middle or sometimes the posterior third of pronotum with a touch of 
dark, and also four small brownish bars on anterior margin. Besides this, the 
cephalic dark arcs, which in the other species are usually conspicuous, are 
very faint in pallidoeephala, so that the combination of light postclypeus. plus 
the lack of a band on anterior margins of either vertex or pronotum, distin- 
guishes this from the rest. 

C. elongaia and C. tricincta cannot be readily separated externally. When 
looking at a series of each species they appear to be different; yet there seems 
to be no clear-cut character by which the two may be separated. Usually the 
three anterior bands seem to be more prominent in tricincta , which suggested 
its name. However, this is not always a means of identification, since speci- 
mens of elongata grade into this. Therefore, it seems that the structure of the 
inner valves of the ovipositors, plus locality labels, are the only criteria for 
determining these species correctly. 

The five species mentioned above differ in respect to the ovipositors as 
follows: C. ovata and C. siskiyou are separated from C. elongata, C . palli - 
docephala and C. tricincta by the fact that the distance between the first notch 
and base of valve in the first two is greater than in any of the others, and 
that consequently the two notches are much closer together. Moreover, the 
valves of siskiyou and ovata are smaller, and for that reason the teeth of 
siskiyou appear finer than those of tricincta or pallidoeephala , although in 
actual number they are about the same as" the others, there being about 100 
in both siskiyou and pallid ocephal a and 109 in tricincta . C. sukiyou and C. 
ovata are separated from each other chiefly by the fact that ovata has no 
distinct teeth from apical notch to apex, but only an irregular, jagged margin. 
Elongata is also separated by this characteristic from pallidoeephala and 
tricincta. The valves of these last three species are very similar. The differ- 
ences which can be pointed out are as follows: elongata and tricincta are 
more curved or bow out through the middle, while pallidoeephala docs not. 
Then, too, the notches, particularly the apical one, in the first two are more 
distinct and protruding than they are m jxillidocephala. These two facts make 
tricincta more nearly like elongata. On the other hand, it resembles palli - 
docephala by having teeth from apical notch to apex, which are lacking in 
elongata where this margin is only irregulaily jagged. Lastly, there appear to 
be a few more teeth in tricincta than in pallidoeephala and the basal notch is 
nearer the base than in the later. From these observations, it is apparent that 
tricincta is an intermediary form between elongaia and pallidoeephala , but 
differs enough according to the inner valves from either one to be placed by 
itself. 

The males of these five species are all considerably darker than the females, 
but in general follow the color differences of the females. The male genitalia, 
as in other species, are of little taxonomic value. 

For comparison with C. obtusa and its variety tristis, see the discussion in 
the description of C. obtusa var. obtusa on page 65. 

Distribution. A large series have been taken from Taos, Taos county, New 
Mexico, of which forty-four were females and forty-five were males. These 
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were collected by Dr. R. H. Beamer, Dr. P. A. Readio and Mr. L. A. Anderson. 
They have also been collected from Colfax county, New Mexico, by Mr. 
Anderson; from Las Vegas, N. Mex* by Barber and Schwarz; and from Pecos, 
N. Mex., by C. Heinrich (?). In Colorado they have been collected by C. F. 
Baker and Uhler; from Poudre Canyon by Dr. P. B. Lawson and Dr. E. H. 
Beamer; from Estes Park by Dr. C. J. Drake, Mr. Hottes and Professor 
Severin; and from Pingree Park by Dr. C. J. Drake. One specimen from 
Gotha Orange, Fla., in the Snow collection, states that it was collected by E. R. 

Location or Types. Hdotype and allotype m the Snow collection, Uni- 
versity of Kansas, 

Host Plants. Doctor Beamer reports that the large group collected in Taos, 
N. Mex., were found on cedar and birch. One specimen collected at Pecos, 
New Mex., bears a label stating that it was found on Populrn angusttjolia. 

Clastoptera pallidocephala sp. new. 

(Plates III, VII, XI, XV, XIX, XXIII, XXIV, XXVII ) 

Size. Length: $ 4.5 mm. to 5.4 mm.; $ 4.2 mm. to 4.8 mm. Width: $ 
2.4 mm. to 3 mm.; <$ 2.4 mm. to 2.7 mm. 

Shape. A rather elongate species, but more robust than elongata or tri- 
cincta, with margins of elytra subparallel. 

Color. A fuscous bronze and yellow species with head and thorax lighter 
in color than m any of the closely related species. Front and vertex cream- 
yellow, occasionally indications of an interrupted dark band on anterior margin 
of vertex. Eyes yellowish-brown or gray. Face cream yellow, a very dark 
brown transverse band across middle of post cly pens, which occasionally fade* 
out at sides or else merges with another dark brown spot on gena, six or seven 
pairs of dark arcs preceding the transverse band, the cephalic three or four pairs 
being \ ery faint and almost indiscernible ; the antennal sockets, area caudad of 
eyes and lower half of anteclypeus dark broun. Pronotum usually entirely yel- 
low with the beginning of a dark brown band across middle, which becomes very 
faint as it crosses the disk or is entirely Jacking across the middle, and also 
occasional indications of dark on the distal third or half with four small 
brownish bars or spots along anterior margin. Scutcllum reddish-brown at 
base with irregular lateral margins, and apex a light yellow. Elytra, clavus 
uniformly fuscous, occasionally indications of an oblique light band across 
middle; corium fuscous, except for an oblique dark brown band across 
middle, prominent dark brown veins, conspicuous apical callous and a round 
spot in cell first M 4 , the explanate costal margin, apical third and membrane 
hyaline, the oblique dark band bordered by white, which becomes a white spot 
on costal margin, all of the apical callous and veins margined in white. Legs, 
coxa and tiochanter of first two pairs yellow, with a ventral dark spot on each.* 
femur yellow with a longitudinal dark brown stripe, tibia with a dark ring 
around base which becomes a ventral, longitudinal dark stripe, another narrow 
longitudinal bar on lateral surface. The hind legs mottled yellow and fuscous 
with brownish spines, becoming black at tips. Mesothorax yellow with a large 
brownish area on each side of labium. Metatfaorax yellowish. Abdomen 
mottled light brown and yellow. * 
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Males very much darker, but like females having a light colored head end 
thorax. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
slightly carinated. Length of each eye one-fourth width of head. Ocelli lo- 
cated slightly nearer anterior margin of vertex than pronotum, the distance 
between the ocelli about equal to the distance between each ocellus and eye. 
Front extending beyond vertex for about one-half its width. Postclypeus only 
moderately inflated, arising gradually from face at sides, its length about twice 
the length of the anteclypeus. Pronotum distinctly wrinkled, the wrinkles 
numbering eighteen or twenty along median line, more irregular and broken 
up on caudal lobes than on disk, cephalic margin roundingly produced, caudal 
margin deeply emarginate and lateral margins short and slightly diverging. 
Scutellum about one-third longer than wide. Elytra scarcely inflated, very 
long and slender, the length of one about throe and one-half times its width, 
distance beyond apex of scutellum longer than length of scutellum itself, cov- 
ered by a moderately fine pubescence, base of costal margins flaring, then 
parallel-margined to approximate third of elytron, from whence they round 
to a somewhat pointed apex. Wmg venation, cell R5 much longer than wide, 
cell R3 smaller than cell first M4, apical callous prominent, occupying all of 
cell Ri. 

External genitalia: Pygofer of female slightly longer than wide, ninth 
sternite about three-fifths of length of lateral valves, the latter extending be- 
yond pygofer for about one-seventh of their length. Pygofer of male one- 
fourth broader than long, its laterocaudal angles elongated to form a slender 
ventrad-curvmg process, genital plates broad at base, somewhat tapering 
caudad, their inner apical angles bluntly rounded, and the genital styles ex- 
posed beyond plates for about one-half their length. 

Internal genitalia: Lateral valve of ovipositor broad and spoon-shaped, 
tapering to a bluntly rounded apex, its ventral basal half membranous; middle 
valve flat and bladelike, base greatly expanded, then constricted, from whence 
it broadens out again, then tapers to a slenderly pointed apex. Inner valves 
flat and bladchke, their inner margins united for considerably over half their 
length, the free apical inner margins bearing two conspicuous notches, the 
basal one at point of union of the two valves and the second at base of apical 
third of valve, the free margins bearing numerous fine teeth, numbering ap- 
proximately 100. Male styles, basal part broad, its lateral margins expanded 
and converging, the apical portion bent laterad and tapering to a slender apex. 

Comparative Note. See discussion under Clastoptera elongata. 

Distribution . This species has been taken only from Arizona, California 
and New Mexico. Only one specimen, a male, was collected in New Mexico 
by Cocherell. A fairly large series was taken in Oak Creek Canyon, Arizona, 
by Dr. R. H. Beamer and Dr. P. A. Readio, of which twenty-six were females 
and thirty-nine males. From Coconimo county, Arizona, six females and 
seven males were collected by Doctor Beamer and Mr. Anderson, and four 
specimens were taken by Mr. Anderson in the Grand Canyon. In Uhler’s 
collection in the National Museum there is one specimen labeled from Arizona, 
and Doctor Ball sent the writer one specimen from Castello, Cal., collected 
by E. G. Titus. 
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It would seem, therefore, that this is a restricted species and that the sexes 
are approximately equal with a slight margin in favor of the make. 

Location and Types. Holotype and allotype in the Snow collection, Uni- 
versity of Kansas. 

Host Plants. Unknown. 

Clastoptera tricincta sp. new. 

(Plates III. VII, XI, XV, XIX, XXIII, XXIV, XXVII.) 

Size. Length: 9 4.5 mm. to 5.4 mm.; 3 4.2 mm. to 4.5 mm. Width: 
9 2.55 mm. to 2.85 mm.; $ 2.25 mm. to 2.4 mm. 

Shape. A long, slender species, with margins of the elytra parallel. 

Color. A brownish-fuscous or bronze species marked with yellow and white. 
Front cream-yellow with usually three pairs of dark arcs. Vertex yellow with 
a reddish-brown anterior margin. Eyes dark brown or greyish-brown. Face, 
postclypeus yellow, with a transverse black band across middle preceded by 
seven or eight pairs of distinct brownish-black bands on the antennal cavities, 
a spot on each gena adjacent to band on postclypeus dark brownish-black. 
Pronotum cream-yellow with a dark reddish-brown band on anterior margin, 
followed by a narrow reddish-brown band, and a third broad brown band 
on caudal two-fifths. Scutellum reddish-brown, margined irregularly with 
cream-yellow. Elytra, clavus bronze-fuscous, occasionally an indication of a 
faint oblique light band across middle, corium a fuscous-bronze or brown, be- 
coming more hyaline on apical third of body with the following white and 
dark markings: Explanate costal margin cream-hyaline, margined faintly in 
brown, a dark brown oblique band across corium, irregularly margined in white 
which becomes a white spot on costal margin, the apical callous, veins on 
distal third and a round spot in cell first M 4 very dark brown, the cell anterior 
to apical callous pale hyaline. Legs, coxa of first two pair* yellow, mottled in 
brown, trochanter yellow with a cephalic brown spot, femur yellow with 
cephalic and caudal dark brown stripes, tibia mostly dark brown or blackish 
mottled with light, tarsus dark brown with tips of spines and claws almost 
black. Hind legs lighter, mottled with fuscous and with blackish spines. 
Mesostemum reddish-tan, metasternum yellow. Abdomen reddish-brown, 
margined anteriorly and posteriorly with yellow. 

Structural Details. Same as for Clastoptera elongata in regard to general 
external characteristics. 

External genitaha: Pygofer of female, length almost equal to width, 
ovipositor protruding one-sixth of its length beyond pygofer. Pygofer of 
male slightly wider than long, its laterocaudal angles elongated to form a 
slender ventr ad-curving process; genital plates broad at base, their inner mar- 
gins bluntly rounding at apex, exceeded by genital styles at least one-half 
their length. 

Internal genitalia: Lateral valve of ovipositor broad, spoon-shaped, taper- 
ing to a bluntly rounding apex, its ventral, basal half membranous. Middle 
valve flat, bladelike, base greatly expanded, then constricted, from whence it 
broadens out again, then tapers to a pointed apex. Inner valves flat, blade- 
like, united on inner margins for half their length, free apical inner margins 
bearing two conspicuous notches, one at point of union of two valves, the 
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other at base of distal third, or two-thirds of the distance from base of valve, 
and numerous fine, regular teeth between the first notch and apex of valve, 
numbering at least one hundred and nine. 

Distribution. This species was described from seven females and two 
males. Three females were collected at Fort Garland, Colo., two from Veta 
Pass, Colo., and one from Trinidad, Colo. The two males were taken at Fort 
Garland, Colo. These specimens were taken by Dr. C. J. Drake and Mr. 
Hottes. 

Location of Types. Holotype and allotype in the collection of Dr. C. J. 
Drake, Iowa State College, Ames, Iowa. 

Clastopterq ovata sp. new. 

(Plates III, VII, XI, XV, XIX, XXIII, XXIV, XXVII.) 

Size. Length: 9 4.65 mm. to 4.8 mm.; £ 4.05 mm. to 4.8 mm. Width: 
9 2.7 mm. to 2.85 mm.; £2.4 mm. to 2.77 mm 

Shape. A short, stout species, much broader than elongata, palUdocephala 
or tricincta , and even slightly broader than siskiyou which it so closely re- 
sembles in other respects. t 

Color. A yellow, golden-brown and fuscous species. Front and vertex 
cream -colored with three or four pairs of dark arcs and a dark brown band 
along anterior margin in sharp contrast. Eyes, light brown. Face cream- 
yellow, a very dark brown band across middle third of postclypeus, preceded 
by seven or eight pairs of distinct, narrow, dark arcs, the antennal cavities, a 
large spot on each gena laterad of transverse band, another large spot caudad 
of each eye and a conspicuous central spot on anteclyj>eus dark brown, or 
occasionally the band on postclypeus and spot on anteolypeus much broader 
and distinct. Pronotum cream-colored, with the anterior margin, a median 
narrow transverse band and a broad posterior band m light brown. Scutcllum 
orange-brown fading to cream-yellow at apex, with a blackish spot just before 
apex. Elytra, clavus uniformly bronze or brown with occasional indications 
of a faint, oblique white band across middle and the area preceding it darker 
brown ; conum mostly bronze-fuscous, becoming hyaline on apical portion with 
the following markings : An oblique dark brown band across middle, irregularly 
margined anteriorly and posteriorly with white, this posterior white margin 
broadening into a distinct white spot on costal border, the explanate costal 
margm hyaline, as is also the apical third and membrane, with the veins in this 
region dark brown, standing out in sharp contrast and margined vrith whitish- 
yellow. Legs more or less mottled with yellow and dark brown, coxa and 
trochanter of first two pairs tan, with a dark spot on cephalic surface of each, 
femur tan, washed in dark brown which forms two longitudinal lines on ventral 
surface and a dark ring, followed by a cream-colored ring or spot just before 
apex, sometimes the entire femur dark except for a lateral light stripe; tibia 
of first two pairs of legs tan, washed in dark brown, which forms a dark spot at 
base, followed by an oblique white band or crescent, and also another white 
spot located on apex; tarsus tannieh-brown with the tarsal daws very dark 
brown or blackish. Hind legs yellowish-tan with a dark brown spot on lateral 
margin of femur sometimes becoming a broad spines of tibia and tarsal 
claws blackish. Mesothorax mostly dark brown, especially on 'either side of the 
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labium. Metasternum and abdomen light yellow or with the abdomen also 
washed in dark. 

The males of this species, as in the other species, are considerably darker 
than the females. They can be distinguished from the males of mkiyou by 
having a distinct band across the pronotum. 

Structural Details, Vertex slightly depressed transversely, anterior margin 
slightly carinated. Length of one eye approximately equal to one-fourth the 
width of the head. Ocelli located much nearer the anterior margin of the head 
than to the posterior, the distance between the ocelli about equal to distance 
between each ocellus and eye. Front extending beyond vertex as much as the 
length of the vertex. Postclypeus only moderately inflated, arising gradually 
from face at sides, its length about twice the length of the anteclypeus, and 
its width about one-third wider than distance from lateral margins to outer 
margins of head. Pronotum evenly and deeply wrinkled, numbering about 
seventeen along median line, cephalic margin not greatly produced, lateral 
margins narrowed at base and slightly diverging, the hind margin semideeply 
emarginate. Elytra only slightly inflated, the length of one about twice its 
width and the length beyond apex of scutcllum only slightly longer than length 
of scutcllum itself; elytra covered by a median fine pubescence; wing vena- 
tion. cell Rr, longer than wide, cell Rg much smaller than cell first M4, apical 
callous very prominent, occupying all of cell Ri. 

External genitalia: Pvgofer of female, length equal to width, exceeded by 
ovipositor between one-seventh or one-eighth of length of latter. Pygofer 
of male, length about equal to width, its laterocaudal angles greatly elongated 
to form a slender ventrad-curving process; genital plates broad at base, taper- 
ing to a roundingly pointed apex, exceeded by genital styles about one-half 
their length. 

Internal genitalia: Lateral valve of ovipositor broad and spoon-shaped, 
tarring to a bluntly rounding apex, its laterobasal half membranous; middle 
valve flat and bladelike, base greatly expanded, then constricted, from whence 
it broadens out again, then tapers to a slenderly pointed apex. Inner valve 
flat and bladelike, their margins united for half their length, the free apical 
inner margins bearing two notches, the first and less prominent at point of 
union of the two valves and the second at base of apical third, the margin 
between the two notches bearing very fine teeth, the rest of margin from the 
last notch to apex having an irregularly jagged edge. 

Male styles, basal one-half broad, its lateral margins expanded and bent 
together, the apical third slender, the extreme apical portion bent laterad 
and tapering to a slender apex. Connective about twice as wide as long, 
roughly triangular; oedagus a broad, straight rod, the apical half curving 
dorsad and bearing two lateral, broad membranous flaps. 

Comparative Notes. Clasioptcra ovata resembles the following four species 
very closely; C. mkiyou, C. elongata , C. tridncta and C. pallidocephala . Of 
these four it is more closely related to C. mkiyou than any of the others. In 
fact these two, C, ovata and C. mkiyou can be separated from the other three 
without much trouble by the fact that they are shorter and broader and the 
front extends beyond vertex as much as the length of the vertex, while in 
the other three it protrudes not over half the length of the vertex, thus 
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resembling (7. obtusa in this respect. For comparison of the ovipositors see tihe 
discussion in the description of C. elongata on page 86. 

Clastoptera ovata and Clastoptera mkiyou can only be separated externally 
by minor differences in color. In mkiyou the pronotum is decidedly yellow 
with only a narrow brown band on anterior margin and a much broader one 
on posterior part, with no third band crossing the yellow one. In ovata there 
is always a distinct third brown band running through the yellow band, al- 
though in one or two male specimens this band was interrupted and somewhat 
indistinct. Structurally there is, of course, a difference in the ovipositors, the 
inner valve of ovata having a jagged inner margin, while that of mkiyou has 
fine teeth. 

Distribution . They have been collected from California in the following 
places: Castello by E. G. Titus; Siskiyou county by E. C. VanDyke; Santa 
Cruz county and Maria county, collectors unknown. They have also been 
taken in Oregon by C. F. Baker; Wyoming, collector unknown; and British 
Columbia by R. P. Currie. The species was described from fourteen speci- 
mens, six of which were females and eight males. 

Location op Types. Holotype and allotype in the National Museum col- 
lection, Washington, D. C. ' 

Host Plants. Unknown. 

Clastoptcrci siskiyou sp. new. 

(Plates III, VII, XI, XV, XIX, XXII, XXIV, XXVII.) 

Size. Length: $ 4.5 min. to 5.4 mm ; $ 3.3 mm. to 4.5 mm. Width: 
$ 2.62 mm. to 3.3 mm.; $ 2.4 mm. to 2.7 mm. 

Shape. A shorter species than donyata , pallidowphala and triancta, but 
somewhat more slender than ovata although approximating it in length. 

Color. A golden-brown and yellow species. Front and vertex golden-yellow 
with the anterior margin of vertex brown, as well as two or three pairs of brown 
arcs on front. Eyes light gray-brown, sometimes darker. Face creamy, with 
a dark-brown band across middle third of postclypeus anterior of which are 
six or seven pairs of distinct dark arcs, the antennal cavities, a spot on each 
gena just laterad of transverse band, area posterior to each eye, and a spot of 
varying size on anteclypeus, dark brown. Pronotum yellow with a fairly wide 
brown band on anterior margin and a very broad brown band on posterior 
portion, making the median yellow area stand out distinctly, although oc- 
casionally a faint indication of a narrow dark brown band across this central 
yellow band. Scutellum mostly orange-tan, slightly darker at base, with some- 
times a dark spot just before apex, extreme apex usually light. Elytra, clavus 
mottled m fuscous and golden-tan with an oblique white band usually plainly 
indicated; corium mottled in fuscous and tan, becoming hyaline on apical 
third, an oblique band across middle, irregularly margined anteriorly and 
posteriorly with white, this posterior white margin broadening into a distinct 
white spot on costal border just caudad of middle; explanate costal margin 
whitish-hyaline, veins at apex, a spot in cell first MU, and apical callous all 
dark brown margined with whitish-yellow. Legs ground color golden-yellow, 
coxa and trochanter of first two pair with a dark spot on cephalic surface, femur 
with a broad, longitudinal, cephalic brown band, becoming darker near apex, 
after which there is a white spot, tibia with a dark ring at base, followed by a 
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crescent-shaped white spot or inverted V, rest washed in brown, tarsus tan 
with tarsa claws dark brown. Hind leg, coxa and trochanter yellowish-tan, 
femur tan with apical half washed in dark brown, tibia and tarsus light tan or 
yellow with spines darker tan, and the extreme tip almost black. Mesothorax 
yellow with a large dark area on each side of labium. Metathorax yellow. 
Abdomen a light brown, with segments margined in lighter brown or yellow. 

Males much darker, but thorax very characteristic with the plain yellow 
and brown marking, and the band across the yellow portion entirely lacking. 

Structural Details. Vertex slightly depressed transversely, anterior mar- 
gin carinated. Length of eye about one-fourth the width of the head. Ocelli lo- 
cated nearer anterior margin of vertex than pronotum, the distance between 
the ocelli approximately equal to the distance between each ocellus and eye. 
Front usually extending beyond vertex as much as the length of the vertex, 
sometimes only two-thirds of this length. Postclypeus only moderately in- 
flated, arising gradually from face at sides, its length about twice the length 
of the anteciypeus, and its width about one-third wider than the distance 
from its lateral margin to outer margin of head. Pronotum deeply and reg- 
ularly wrinkled, the wrinkles numbering sixteen or seventeen along the median 
line, the anterior margin of pronotum roundmgly produced, lateral margins 
diverging and posterior margin deeply emarginate. Elytra only slightly in- 
flated, the length of one about three times its width, their surface covered by 
a moderately fine pubescence ; wing venation, cell R« longer than wide, cell Rj 
much smaller than cell first M4, the apical callous very prominent, occupying 
all of cell Rj. 

External genitalia: Pygofer of female, length equal to width, exceeded by 
ovipositor approximately one-sixth of length of latter; male pygofer, its 
width greater than length, the Iaterocaudal angles greatly elongated to form 
two slender vent rad-curving processes, genital plates broad at base, divided 
along inner margin for half their length, the mediocaudal angles bluntly 
rounded, exceeded by genital styles for half their length. 

Internal genitalia: Lateral \alve of ovipositor broad and spoon-shaped, 
tapering to a bluntly pointed apex, its laterobasal half membranous, ninth 
sternite somewhat longer than half the length of the valve; middle valve flat 
and blade! ike, the base greatly expanded, then constricted, from whence it 
tapers to a slender apex; inner valve flat and bladehke, their margins united 
for over half their length, the free apical inner margins bearing two notches, 
the first and less prominent one at point of union of the two valves, and 
the second at base of apical third, these inner margins also bearing fine teeth, 
numbering ninety-eight to a hundred. 

Male styles, basal one-half broad, its lateral margins expanded and bent 
together, the apical third slender, with the extreme apical portion bent laterad 
and tapering to a pointed apex. The connective, width about twice its length,* 
roughly triangular; oedagus a broad, straight rod, the apical half usually curv- 
ing dorsad bearing two lateral broad, membranous flaps. 

Comparative Notes. See the discussion of these species under this heading 
in the description of C . ovata. 

Distribution. This species has been described from fourteen specimens, 
all of which were taken in Siskiyou county, California, except two specimens 
which were taken from Los Angeles county, California. Of these fourteen 
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specimens six were females and eight were males. These specimens bear no 
collector's labels. 

Location of Types. Holotype and allotype in the National Museum col- 
lection, Washington, D. C. 

Host Plants. IUnknown. 

Clastoptera arborina Ball. 

(Plates III, VII, XI, XV, XIX, XXIII, XXIV, XXVII.) 

Clartoptera obtuta var. arborina, Ball. Ball, E. D. Can. Ent. LIX; 1927. 

ORIGINAL DESCRIPTION. 

Size and form of juniperina with its testaceous color and black markings. 
The elytra are washed with smoky with a definite white band running obliquely 
from the scutellum to the apex of the black line and down it to the costa. 
Smaller than obtu&a, with the three transverse reddish-brown bands on vertex 
and pronotum. Holotype female, allotype male and two paratype females 
taken by the author on white cedar at Muscatine, Iowa. 

writer’s description. 

Size. Length: $ 3.3 mm. to 4.1 mm; $ 3.15 mm. \o 3 75 mm. Width: $ 
1.8 mm. to 2 1 mm.; $ 1.65 mm. to 2.1 mm. 

Shape. A small, slender species with the front greatly extended beyond 
vertex in comparison to rest of body. 

Color. A conspicuously marked drab tan and brownish species. Head, front 
yellow with three or four pairs of brownish arcs visible from above, vertex 
yellowish-tan. with anterior margin reddish-brown. Eyes brown or tannish. 
Pronotum yellow with anterior margin reddish-brown, a prominent, dark band 
setting off the anterior third, this band darker on the sides than through the 
middle, the area between this band and the anterior band lighter yellow than 
the portion posterior to it. Face light yellow, the postclypeus with eight or 
nine pairs of very dark, distinct brown arcs on anterior two-thirds, the posterior 
three or four pairs united to form a solid dark brown band which usually does 
not quite reach the lateral margins; the antennal sockets, a dark spot on gena 
laterad of transverse band, and the area posterior to eye dark brown, Scu- 
tellum yeljow, with a brown band at base and usually a dark spot on apex. 
Elytra mottled in cream-yellow, tan and fuscous, the clavus usually with a 
cream-colored spot on laterobasal angle and an oblique, irregular light band 
across middle, with the space between these two spots darker than the re- 
mainder of the clavus ; corium tannish-fuscous with the explanate costal margin 
and distal third clear hyaline, an oblique dark brown band across middle, 
bordered in cream anteriorly and posteriorly, the posterior cream margin be- 
coming a large spot on costal margin, with a dark spot posterior to this, the 
apical callous and veins dark brown margined in yellow. Legs yellow with 
tarsus washed m dark brown, the tarsal claws and spines almost black, occa- 
sionally faint indications of spots on coxae and longitudinal stripes on femdra 
and tibiae. Mesothorax very dark brown. Metathorax and abdomen yellow 
with the ovipositor very dark brown. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
carinated, front extended beyond vertex as much as the length of vertex itself. 
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The eyes level with vertex, the length of each being about one-fourth the 
width of the head. Ocelli located an equal distance between anterior and pos- 
terior margins of vertex, the distance between the ocelli being less than the 
distance between each ocellus and eye. Face, postclypeus moderately inflated, 
not as flat as in obtuxa group, its length not quite three times the length of 
the anteclypeus, its width greater than the space between its lateral margin 
and the outer margin of the head. Pronotum finely and not deeply wrinkled, 
the wrinkles numbering about twenty along the median line, its anterior 
margin very roundingly angulate, its lateral margins short and only slightly 
diverging, the posterior margin deeply emarginate. Scutellum, width about 
two-thirds of its length. Elytra moderately inflated, the margins subparallel, 
the length of one about three times its width, the surface of the elytra covered 
by a fine, short pubescence. Wing venation, cell R& about square, cell Rs 
smaller than cell first M 4 , the apical callous conspicuous, roughly diamond- 
shaped, not occupying all of cell Ri. 

External genitalia: Pygofer of female, length and width about equal, ex- 
ceeded by ovipositor by about one-fifth length of latter. Male pygofer con- 
siderably wdder than long, its lateroventral angles greatly elongated to 
form slender, tapering processes, the genital »tyles separated for over half 
their length, mesocaudal angles bluntly rounded, the plates exceeded by the 
genital styles for half their length. 

Internal genitalia: Lateral valve of ovipositor broad and spoon-shaped 
with bluntly rounded apex, the ninth stemite small, approximately one-half as 
long as the valve; middle valves flat and bladehke, tapering to pointed apices 
and broad at base; inner valves short, broad, bladelike, their inner margins 
united for about one-third their length, the free apical margins bearing two 
notches, the first at point of union of the two valves, the other at base of apical 
third, the space between the notches and also between the second notch and 
apex broken up into very distinct teeth, numbering eighty-one to ninety. 

Comparative Notes. There are five species which resemble each other very 
closely, namely, C. arbonna , C. juntperina, C. media*, C. newporta and <7. 
texana. They can be distinguished from each other, however, in several ways. 
Texana can be distinguished from all the others by its large size, which 
approximates that of the elongata group rather than this group. Moreover, 
it is like the elongata group in that the front extends very little beyond the 
vertex. Then, too, it has a much broader head and pronotum than any of the 
other four species have. But, although it has the color pattern of the arborina 
group and the size and shape of the elongata group, the male genitalia is of the 
obtum type with the apex divided into sharp points in place of the one. 

Juniperina is next in size to texana, some of the larger specimens being 
almost as large as those of texana, although some are much smaller. This 
species can be easily distinguished, however, from the other four by its color. 
In juniperina the head and pronotum are usually a solid golden-yellow with 
only occasionally a faint indication of a transverse brown band. Moreover, 
the head is distinctly more pointed than in any of the other species, and the 
wrinkles on the pronotum are much deeper, with the grooves between them 
being much more prominent than in any of the other species. 

Clmtoptera newporta, media and arborina are more nearly alike, since they 
are approximately the same size. They differ, however, in that C. media is 
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more slender than the other two, with the margins of the elytra more distinctly 
parallel. C, neuporta is the broadest, most blunt species of the three, while 
afborim as a general rule is the smallest. Moreover , in arborim the front 
proportionately is more extended beyond vertex than in the others. There 
seems to be no outstanding difference in the wrinkles of these species. 

In color there are several minor differences. The general tone of newporta 
seems to be more golden and light brown with less fuscous than in the others. 
The yellow band on the pronotum of this species, as well as in texana and in 
arborina, stands out very distinctly. In media the yellow band and also the 
brown band following it are more obscure. On the other hand, in arborina the 
brown band on pronotum, especially at the sides, and the other brown mark- 
ings on elytra and scutellum, are usually very dark, becoming almost black in 
some specimens, so that they stand out in sharp contrast to the rest of body. 

The male genitalia of these species, with the exception of those of C. texana , 
which definitely places it in the obtusa group, are of little systematic value 
except, perhaps, in a relative way. The ovipositors, however, prove to be of 
considerable value, as can be seen by a glance at the drawings. Arborina has 
a broad, short valve, with the two notches spaced widely apart and bearing 
distinct teeth, numbering eighty-one to ninety. C. newj>orta has a short, broad 
valve also, but with the two notches spaced much nearer together and the 
teeth numbering about eighty-two. C. media has a long, slender valve, dis- 
tinctly narrowed and constricted through middle, with about seventy-eight dis- 
tinct teeth. C. texana has a valve similar to media, in that it is constricted 
through the middle, but has a jagged, irregular edge instead of distinct teeth. 
The valve in C , juniperina is of medium length and width, similar to «cir- 
porta, but differing in that the first notch is very inconspicuous and rounded, 
sometimes just barely visible, while in neuporta it is always distinct. The 
teeth of junipenna are much larger than in any of the others, there being 
between seventy and eighty, although some of the larger specimens sometimes 
have ninety. 

Distribution. This species was described by Doctor Ball from four speci- 
mens taken at Muscatine, Iowa. In the Snow collection of the University of 
Kansas there is a large senes of this species taken from Taos, Taos county, 

N. Mex., a fairly large series from Coconi mo county, Arizona, and a smaller 
series from Poudre canyon, Colo. A few scattered specimens have been taken 
from Logan county, Utah, Fort Collins, Colo., Yavapai and Oak Creek canyon, 
Ariz. Also, Professor Severin sent the writer for study eleven specimens from 
Interior, S. Dak. In all there were available for study some 170 specimens, of 
which 82 were females and 95 males. 

Location of Types. Holotype and allotype and two paratypes in the col- 
lection of Dr. E. D. Ball, Sandford, Fla. 

Hosts. Doctor Ball reports it on white cedar. 
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C la&toptera junvperina Ball. 

(Plate* III, VII, XI, XV, XIX, XXII, XXIV, XXVII ) 

Cfaitoptera obtusa var jumpenna Ball Bail, E D la Acad Sc» XXVI, 1919 

ORIGINAL DESCRIPTION 

Resembling testacea m ground color, but with the addition of a definite 
pattern of narrow dark lines on the nervures of the posterior part of the elytra, 
a band from the middle of the costa to just before the claval suture slightly 
irregular and curving around the bulla, a medium-sized callosity, a crescent 
at the ape\ of clavus, and usually an arcuated transverse line setting off the 
anterior third of pronotum, a line at the base of the scutellum and a very 
small spot at the extreme tip black Sometimes a brown cloud extends 
obliquely across the clavus from befoie the middle of the scutellum towards 
the dark line in front of the bulla 

Described from four examples from Palisades Colo , taken bv the writer 

This \aiietv occurs only on the red cedar, and has been found in all stages 
on that tree throughout the mountain regions of Colorado and Utah The 
ground color and dark penciling render this globose species an almost perfect 
mimic of a diud strobile of this tree 

NOTES ON SI NONYV1V 

In regard to this Doctor Bill (1927) writes ‘This is a cleai cut and very 
distinct varietv r and would be considered as a species if it were not for a few 
\ unable forms and its evident relation to the next variety ( arbonna ) which is 
intermediate between this and tvpical obtusa 

The wnter has dissected and figured the genitalia of both jumperina and 
arbormn The inale genitalia are not onl\ cntmlv distinct from obtusa but 
diffu from obtusa much more than some of the other well known species, such 
jis xauthouphala The ovipositors likewise, aie distinctly different More- 
over thev are taken out of the obtusa group because ot the color pattern of the 
face and the extension of the front 

WHITER S DESCRIPTION 

Size Length $ 42 mm to 4 8 mm , <5 4 2 mm Width $ 24 mm to 2 7 
mm , $ 2 4 mm 

Shape A medium-sized ovate species with a decidedly pointed head 

Color A golden-vellow spouts with dark markings on apex of elytron 
standing out in sharp contrast Head, front and vertex usually entirely golden- 
vellow, eves golden-tan or hrown Face, postclypeus m some cases entirely 
yellow with nine or ten pairs of faint arcs, sometimes the posterior arcs fused 
to form two dark spots sometimes becoming a transverse band, always ab- 
brev jated before margins, rest of face all yellow excepting a spot on anteclyp- 
eus which may be distinct or very famt Pronotum usually all yellow, with 
the anterioi margin reddish-tan, and sometimes an indication of a narrow 
transverse band across the disk Scutellum yellow, usually a daik band at base 
and a darker spot at apex, the extreme apical part usually somewhat lighter 
yellow than the rest Elytra golden-yellow, clavus usually with a dark cloud 
on anterior half which is more pronounced in soim than m others, its apex 
beanng a dark arc on the vein just anterior to membrane, conum mottled 
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golden-tan and fuscous, a dark, oblique band across middle bordered anteriorly 
and posteriorly with cream, the posterior cream border expanding into a large 
cream spot on costal margin, the apical third of corium hyaline except for the 
dark brown veins and apical callous, which are in turn margined by cream* 
the explanate costal margin also light colored. Legs yellow, with last segments 
of tarsus, the spines on hind tibia and all the tarsal claws very dark brown. 
Mesothorax yellow, with a large dark brown area on each half which is more 
pronounced laterad of labium. Metathorax and abdomen yellow with the 
ovipositor dark brown. 

Structural Details. Vertex slightly depressed transversely, anterior margin 
not distinctly carinated. Front extending beyond vertex at least as much as 
two-thirds of length of vertex. Length of each eye slightly over one-fourth 
of the total width of head. Ocelli located halfway between anterior and pos- 
terior margins of vertex, the distance between the ocelli being about equal 
to the distance between each ocellus and eye. Postclypeus moderately in- 
flated, more so than in obtuse and tcstacea, arising gradually from face at 
sides, its length about tw r o and one-half times length of the anteclypeus, and 
its width slightly wider than the distance between its* lateral margin and the 
outer margin of the head. Pronotum deeply and distinctly wrinkled, the 
wrinkles uniform, numbering eighteen or twenty along median line. Elytra 
moderately inflated, narrow at base, their margins then slightly diverging 
until broadest part is just anterior to apex of clavus, the length of one ap- 
proximately twice its width; wing \enation, cell Rr, longer than vride, cell R 3 
much smaller than cell first M 4 , the ap'cal callous distinct but occupying only 
the cephalic half of cell Rj, rest of cell somewhat thickened but not darkened. 

External genitalia: Pygofer of female somewhat wider than long, exceeded 
by ovipositor one-fourth of length of latter. Male pygofer broader than long, 
exceeded by genital styles for one-half their length; genital plates separated 
on inner margin for half their length, the modiocuudal angle bluntly rounded. 

Internal genitalia- Lateral valve of ovipositor broad, spoonshajied, tapering 
to a bluntly rounding apex, ninth sternite slightly less than half length of 
valve, middle valve flat, bladehke, tapering to a slender-pointed apex; inner 
valves, bladelike, long, narrow, united for approximately one-half their length, 
the free inner margins bearing conspicuous teeth, numbering between seventy 
and ninety-six and two notches, a gradually sloping one near point of separa- 
tion of valves, a second distinctly protruding one just anterior to apical fourth. 

Male styles much broader at basal two-thirds, their margins greatly ex- 
panded and folded together, apical portion more slender, tapering to a pointed, 
laterad-curving apex. Connective roughly triangular; cedagus a long slender 
rod with two membranous lateral flaps on apical half. 

Comparative Note. See discussion under this heading in the description 
of C. arborina on page 95. 

Distribution. In regard to the distribution of this species Doctor JJalt 
states the following; '‘It has been taken by the writer, abundantly in Colorado 
and Utah and rarely in Montana, the Bad Lands of North Dakota, West 
Virginia, Washington, D. C., and Woods Hole, Mass/’ In addition to the 
states listed above, this species has been taken in Los Angeles county, Cali- 
fornia. Arizona and Texas. 

* * 
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The writer had on hand for study eight females and six males, so that the 
distribution of $exes is apparently about equal. 

Location or Types. In the collection of Dr. E. D. Ball, Sanford, Fla, 

Hosts. Doctor Ball says that it occurs on red cedar, “where its color and 
pattern closely resemble the strobile of this tree.’* 

Clastoptera media sp. new. 

(Plates III, VII, XI, XV, XIX, XXIII, XXIV, XXVII.) 

Sijee. Length: 9 3.8 mm. to 4.12 mm.; $ 3.57 mm. Width: 9 1.9 mm. 
to 22 mm.; $ 1.9 mm. 

Shape. A small, very slender species, with front moderately extended 
beyond vertex, and margins of elytra parallel. 

Color. A yellowish-tan and fuscous species, similar in color pattern to 
arborina, newporta and juniperina. Front and vertex golden-tan, with two or 
three pairs of brownish arcs visible on front, and vertex margined anteriorly 
with brown. Eyes golden-brown. Face light yellow marked with dark, as 
follows: Nine pairs of reddish-brown arcs on postclypeus, the posterior three 
pairs darker, usually united across middle to form a dark, blackish-brown spot, 
a brown spot between postclypeus and eye, a small dark spot in center of 
anteclypeus, sometimes the area beneath the eye dark brown. Pronotum 
golden-tan, with a brown l>and across anterior margin and another across disk. 
Scutellum brown at base, yellow through middle and apex dark brown. Elytra 
brownish-tan. clavus with a large light spot on claval suture near base, fol- 
lowed by a large dark fuscous cloud, an irregular whitish-yellow band across 
middle, a blackish-brown spot at extreme apex; corium, yellow spot near 
base, explanate costal margin hyaline, an irregular oblique dark-brown band 
across middle, interrupted before reaching claval suture, partially bordered 
anteriorly and entirely posterior by cream-yellow, the latter becoming a 
large cream-yellow spot on costal margin, rest of elytron tannish-hyaline with 
veins and apical callous dark brown margined in yellow. Legs, coxa and 
trochanter of first two pairs yellow mottled in brown, femur with two longi- 
tudinal bands, one yellow and one brown on cephalic surface, tibia brownish 
with a narrow yellow longitudinal band; tarsus brown with blackish claws. 
Hind legs yellow, mottled duly with brown, spines and claws dark brown or 
black. Mesothorax blackish-brown. Metathorax yellow. Abdomen yellow, 
ovipositor marked with black. 

Structural Details. Vertex transversely depressed, anterior margin cari- 
nated. Length of each eye more than one-fourth width of head. Front ex- 
pending beyond vertex a distance equal to length of vertex. Ocelli located 
nearer anterior margin of head than pronotum, the distance between the 
ocelli equal to the distance between each ocellus and eye. Postclypeus only 
slightly inflated, its length nearly three times length of anteclypeus* Pronotum, 
width one and three-fourths greater than its length, anterior margin round- 
ingly produced, lateral margins greatly diverging, posterior margin deeply 
emarginate, its surface crossed by many semideep wrinkles, numbering seven- 
teen along median line. Scutellum approximately one and one-half times 
its width. Elytra scarcely inflated, base of costal margin only slightly flaring, 
then parallel-margined to apical third of elytron, from whence it tapers to a 
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pointed apex, covered by a median fine pubescence. Wing venation, cell Ra 
longer than wide, cell R3 considerably smaller than cell first M4, apical callous 
rbughly diamond-shaped, occupying only part of cell Ri. 

External genitalia: Pygofer of female slightly longer than wide, exceeded 
by ovipositor by about one-sixth of length of latter. Male genital plates 
broad at base, inner margins rounding to a blunt apex, exceeded by genital 
plates about one-half their length. 

Internal genitalia: Lateral valve of ovipositor broad, spoon-shaped, ninth 
stemite approximately three-fourths length of valve; inner valves flat, blade- 
like, united on inner margins foi almost half their length, the free margins 
bearing numerous distinct teeth, approximately seventy-eight, the valves nar- 
rowed through middle, then expanding to form a slight rounded notch, an- 
other protruding notch at base of approximate apical third. Male styles broad 
at base with the margins bent together, apical third greatly narrowed, taper- 
ing to a slender laterad-curving apex. 

Comparative Notes. See discussion under this heading in the description of 
Clastoptera arborina. 

Distribution. Described from five females and one male specimen, collected 
in Oak Creek canyon, Arizona, by Dr. R. H. Beamer. 

Location of Types. Allotype and holotype in Snow collection, University 
of Kansas. 

Clastoptcra ncwporta sp. new. 

(Plates III, VII, XI, XV, XIX, XXIII, XXIV, XXVII.) 

Size. Length: 9 3.3 mm. to 4.1 mm.; 6 3.3 mm. to 4,01 mm. Width: 
9 1.9 mm. to 2.36 mm.; $ 2.03 mm. to 2.2 mm. 

Shape. A short, bluntly robust species with the front greatly extended and 
margins of elytra subparallel. 

Color. A yellowish-tan and fuscous species, very similar in color pattern 
to arborina and msdia. Front golden-tan with two or three pairs of brownish 
arcs, vertex golden-tan with antenor margin narrowly bordered in light brown. 
Eyes grayish-tan. Face light or dirty yellow, marked as follows: A blackish- 
brown band across middle third of postelypeus, sometimes interrupted at sides 
and preceded anteriorly by five or six pairs of blackish-brown arcs, a dark 
spot on gena between transverse band and eye, antennal sockets and central 
spot on anteclypeus dark brown. Pronotum bordered anteriorly by a brown 
band which is broadest through middle, followed by a yellow band, then a 
somewhat narrower brown band which is sometimes much darker on sides than 
through middle, rest dusky-tan through middle. Elytra, clavus with a large, 
light spot on claval suture near base, followed by a large dark fuscous cloud, 
an irregular yellow band across middle, rest tannish-fuscous with a dark-brown 
spot on apex; corium, a yellow spot near base, explanate costal margin hya- 
line and irregular, oblique dark band across middle of corium, partially bor- 
dered anteriorly and entirely posteriorly by yellow, which becomes a large 
yellow spot on costal margin, followed by a smaller dark spot and a brown 
cloud just before inflated part of elytron, rest tannish-hyaline with veins and 
apical callous dark brown, margined in opaque yellow. Legs, coxa of first two 
pairs dark brown, trochanter brown with yellow margin, femur yellow with a 
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longitudinal brown band on cephalic surface, interrupted before base at apex, 
tibia yellow with a longitudinal light-brown band, tarsus brownish with blade 
claws. Hind legs mostly yellow, washed in light brown, tips of spines and claws 
blade. Mesothorax dark brown through middle, yellow at sides. Metathorax 
yellow. Abdomen all yellow, or with segments sometimes darker through the 
middle, ovipositor and genital plates dark. 

Structural Details. Vertex transversely depressed, anterior margin .dis- 
tinctly carinated. Width of the head about three and one-half times the length 
of one eye. Front extending beyond vertex as much as length of vertex. 
Ocelli located much nearer anterior margin of vertex than pronotum; the dis- 
tance between the ocelli equal to or slightly less than the distance between 
each ocellus and eye. Postclypeus moderately inflated, its length three times 
the length of the anteclypeus. Pronotum almost twice as wide as long, an- 
terior margin roundingly produced, posterior margin deeply em&rginate, lateral 
margins diverging, the disk crossed by semideep wrinkles, numbering about 
nineteen or twenty along median line. Scutellum, length about one and one- 
half times its width. Elytra slightly inflated, the length of one either two or 
two and one-half times its width, base of costal margin only slightly flaring, 
then almost parallel-margined to apical third of elytra, from whence it ab- 
ruptly tapers to a blunt apex. Wing venation, cell Hr, longer than wide, cell 
R» considerably smaller than cell first M 4 , apical callous usually long and 
narrow occupying the dorsal half of cell Ri. 

External genitalia: Pygofer of female slightly wider than long, exceeded 
by ovipositor about one-sixth of length of latter. Male genital plates broad at 
base, their inner margins rounding to a blunt apex, exceeded by genital styles 
for about one-half their length. 

Internal genitalia: Lateral valve broad, spoon-shaped, its doreobasal mar- 
gin membranous for half its length, ninth sternite two-thirds the length of the 
valve; inner valve flat, bladelike. their dorsal margins united for almost half 
their length, the free margins beanng two notches, one at a point of union 
of the valves and the other at the base of the apical third, the free margin 
between first notch and apex of valve broken up into large, sharply pointed 
teeth, numbering about eightv-two. Genital styles broad at base, their lateral 
margins folded together, apical third greatly narrowed, tapering to a laterad- 
curvmg, sharply pointed apex ; connective roughly triangular, oedagus a slender 
rod with apical portion curving dorsad and bearing a large membranous flap 
on each side. 

Comparative Notes. See discussion under this heading in description of C. 
arbonna . 

Distribution. This is an eastern species apparently. Specimens have been 
collected from Connecticut by TJhler; Lakehurst, N. J., by E. L. Dickerson; 
Lake George, New York, by J. L. Zabriskie; and Newport, R. I., by Uhler. 

The species was described from six females and five males. 

Location of Types. Holotype male, and allotype female, American Mu- 
seum of Natural History. 
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EXPLANATION OF PLATES. 

PLATE III. 

Figs 1 to 13 Lateral view of head 
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PLATE IV. 

Fig. 1 . Ventral view of head. Typical delicaia type. 

Fig. la. Ventral view of head. Only occasional specimens of this type. 

Fig. 2. Ventral view of head. Typical lineatocolhs type for females and 
light colored males. 

Fig. 2a Ventral view of head. Typical type for black males. 

Figs. 3 to 6. Ventral view of head. Typical type. 
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PLATE IV 
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PLATE V. 

Fig. 1 . Ventral view of head. 

Fig. lb. Ventral view of head. Variation from typical type. 
Figs. 2 to 9. Ventral view of head. 
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PLATE VI 

Fig 1 Ventral \iew of head 

Fig 2 Ventral \iew of head Occasional forms. 
Figs 1 to 8 \ entral \ lew of head Typical forms 
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PLATE VI. 
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Figs 


PLATE VII. 

to 9 Ventral view of head. Typical forms. 
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PLATE VIII. 

Fias. 1 to 6 Dorsal view of head. 

Figs. 7 to 12. Dorsal view of pronotum. 
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PLATE IX. 

Figs 1 to 5 Dorsal view of head. 

Fig«* 6 to 12 Dorsal view of pronotum. 
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PLATE X. 

Figs 1 to 8 Dorsal view of head. 

Figs 9 to 16 Dorsal \ lew of pronotum, showing wrinkles 
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PLATE XI. 

Figs. 1 to 7. Dorsal view of head 

Figh. 8 to 15. Dorsal mow of pronotum, showing wrinkles. 
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PLATE XII. 

Figs. 1 to 6. Apex of clavus of elytron, showing distribution of hairs. 
Figs. 7 to 12. Elytron, drawn from microscope slide. 
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PLATE XIII. 

Figs 1 to 7. Apex of clavus of elytron, showing distribution of hairs. 
Figs. 8 to 14. Elytron, drawn from riHcroscope slide. 
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PLATE XIV. 

Fios. 1 to 8. Apex of clavus of elytron, showing distribution of hairs. 
Fios. 9 to 16. Elytron, drawn from microscope slide. 
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PLATE XV. 

Figs. 1 to 9. Apex of clavus of elytron, showing distribution of hairs. 
Fk* 10 to IS. Elytion, diawn from microscope slide. 
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PLATE XVI. 

Figs 1, 2, 3, 4 6 Ventral Mew of female pygofer, drawn from a specimen 
relaxed m boiling water 

Fig 5 Ventral uew of female p\gofei, drawn from unrelaxed specimen 
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PLATE XVII. 


Figs. 1 to 7. Ventral view of female pygofer, drawn from a specimen re- 
laxed m boiling water. 
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PLATE XVIII. 

Figs* 1 to 8. Ventral mow of female pvgofei, drawn fiom a specimen 
laxed in boiling water 
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PLATE XIX. 

Fics 1 to e. Ventral view of female pygofer, drawn from specimen relaxed 
in boiling water. 
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PLATE XX. 


Fig. 1 . Lateral valve of ovipositor. Fig. 4. 

Fic. la. Inner valve of ovipositor. Fig. 4a. 

Fig. 2. Lateral valve. Fig. 5. 

Fig. 2a. Inner valve. Fig. 5a. 

Fig. 3. Inner valve. Fig. 6. 

Fig. 3a. Lateral valve. Fig. 6a. 


Inner valve. 

Lateral valve. 
Inner valve. 
Lateral valve. 
Inner valve. 
Lateral valve. 
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PLATE XX I 


Fig 

1 

Lateral valve of ovipositor 

Fig 

4a 

Inner valve 

Fig 

la 

Inner valve of o\ ij ositor 

Fia 

5 

Inner vah e 

Fig 

2 

Inner valve 

Fig 

5a 

Lateral valve 

Fig 

2a 

Lateral vahe 

Fig 

6 

Lateral valve 

Fig 

3 

Lateral vaht 

Fig 

6a 

Inner vahe 

Fig 

3a 

Inner vahe 

Fig 
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PLATE XXII. 


Figs. 1 , 2, 3. Lateral valve of ovi- 
positor. 

Figs. la, 2a, 3 a. Inner valve of ovi- 


positor. 

Fig. 4. Lateral valve. 
Fig. 4 a. Inner valve. 
Fig. 5. Lateral valve. 


Fig. 5a. Inner valve. 
Fig. 6. Inner valve. 
Fig. 6 a. Lateral valve. 
Fig. 7. Inner valve. 
Fig. 7a. Lateral valve. 
Fig. 8. Inner valve. 
Fig. 8a. Lateral valve. 
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PLATE XXIII. 


Fir,. 1. Lateral valve of ovipositor. 
Fig. la. Inner valve of ovipositor. 
Fig. 2. Lateral valve. 

Fig. 2a. Inner valve. 

Fig. 3. Lateral valve. 

Fig. 3a. Inner valve. 

Fig. 4. Inner valve. 

Fig. 4a. Lateral valve. 

Fig. 5. Lateral valve. 


Fig. 5a. Inner vdlve. 
Fig. 6. Inner valve. 
Fig. 6a. Lateral valve 
Fig. 7. Lateral valve. 
Fig, 7a. Inner valve. 
Fig/8. Lateral valve. 
Fig. 8a. Inner valve. 
Fig. 9. Inner valve. 
Fig. 9a. Lateral valve 
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PLATE XXIV. 

Ventral \iew of male pygofer, drawn from specimens relaxed in boilinc 
water, after which the abdomen* or pygofer?* were remoxed fiom bodv m on lei 
to draw. 
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PLATE XXV. 


Fig. 1 . Dorsal view of male genitalia. 
Fig. la. Lateral view of style. 

Fig. 16. Ventral view of style. 

Fig. 2. Ventral view of style. 

Fig. 2a. Dorsal view of male geni- 
talia. 

Fig. 3. Dorsal view of male geni- 
talia. 

Fig. 3a. Lateral view of style. 

Fig. 3b. Ventral view of style. 

Fig. 4. Dorsal view of genitalia. 

Fig. 4a. Lateral view of style. 

Fig. 4b. Ventral view of style. 

Fig. 5. Lateral view of style. 

Fig. 5a. Ventral view of style. 

Fig. 5b. Dorsal view of genitalia. 
Fig. 6 . Lateral view of style. 


Fig. 6a. Ventral view of style. 
Fig. 6b. Dorsal view of genitalia. 
Fig 7. Dorsal viey? of genitalia. 
Fig. 7 a Ventral view of style. 
Fig 7b. Lateral view of style. 
Fig 8 . Dorsal view of genitalia. 
Fig 8a. Lateral view of style. 

Fig 8b. Ventral view of style. 
Fig. 9. Dorsal view of genitalia. 
Fig, 9a. Ventral view of style. 
Fig. 9b. Lateral view of style. 
Fig. 10. Dorsal view of genitalia. 
Fig. 10a. Ventral view of style. 
Fig. 11. Dorsal view of genitalia. 
Fig 11a. Ventral view of style. 
Fig lib. Lateral view of style. 
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PLATE XXVI. 


Fia. 1. Dorsal view of male genitalia. 
Fig. la. Ventral view of style. 

Fig. 16 . Lateral view of style. 

Fig. 2. Ventral view of style. 

Fig. 2a. Lateral view of style. 

Fig. 2b. Dorsal view of genitalia. 

Fig. 3. Ventral view of style. 

Fig. 3a. Lateral view of style. 

Fig. 3b. Dorsal view of genitalia. 

Fig. 4. Dorsal view of genitalia. 

Fig. 4a. Ventral view of style. 


Fig. 46. Lateral view of style. 
Fig. 5. Ventrafl view of style. 

Fig 5a. Lateral view of style. 
Fig. 56. Dorsal view of genitalia. 
Fig. 6 . Ventral view of style. 

Fig. 6a. Dorsal view of genitalia. 
Flo 7. Dorsal view of genitalia. 
Fig. 7a. Ventral view of style. 
Fig. 76. Lateral view of style. 
Fig. 8. Ventral view of style. 

Fig. 8a. Dorsal view of genitalia. 
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PLATE XXVII. 


Fig. 1 . Dorsal view of male genitalia. 
Fig. la. Ventral view of style. 

Fig. 2. Ventral view of style. 

Fig. 2a. Dorsal view of genitalia. 

Fig. 3. Ventral view of style. 

Fig. 3a. Dorsal view of genitalia. 

Fig. 4. Dorsal view of genitalia. 

Fig. 4a. Ventral view of style. 

Fig. 5. Ventral view of style. 


Fig. 5a. Dorsal View of genitalia. 
Fig. 6. Ventral view of style. 

Fig. 6a. Dorsal view of genitalia. 
Fig. 7. Dorsal view of genitalia. 
Fig. 7a. Ventral view of style. 

Fig. 8. Dorsal view of genitalia. 
Fig. 8a. Ventral view of style. 
Fig. 9. Ventral view of style. 

Fig. 9a. Dorsal view of genitalia. 
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INTRODUCTION. 

M Y interest in cicadas was first aroused by the sport involved in 
collecting them. Almost anyone enjoys hunting quails with a 
good gun and a good dog. How much more interesting it is to hunt 
cicadas ; detect them by their song from the myriad other noises of 
a summer day; locate the singer by his repeated cries; and then, 
either take him with a net or shoot him with a rifle in true sportsman 
style. The cunning of the hunter also is necessary in taking cicadas. 
A hurried movement or a broken twig, and the song stops as though 
broken in the middle, or with a wild squawk and a buzz of wings 
the game is off to safer quarters. 

Interest in the biology of these insects grew quite naturally from 
collecting them. Occasionally females were found ovipositing. 
From nests of eggs collected it was noted that the eggs of some 
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species did not hatch till the following year, and fortunately, unlike 
the seventeen-year cicada, the eggs remained in good condition 
though the limbs bearing them were cut from the trees. From ma- 
terial thus kept in the laboratory, two new species of nest parasites 
were found. Thus at every turn new and interesting facts in their 
biology were brought to light. 

The following pages are an attempt to set down the interesting 
things noted about some of our common Kansas cicadas. Fifteen 
species have been studied representing five of the seven genera oc- 
curring in the state. 

ACKNOWLEDGMENTS. 

Acknowledgment is here given to Dr. H. B. Hungerford for his 
generosity in furnishing funds and in granting time for these studies, 
and for his stimulating suggestions and criticisms of methods to be 
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field and laboratory, for his detailed criticism of each step of the 
work, and for his suggestions of many of the worthwhile phases in- 
vestigated. This opportunity is taken to thank Mr. Wm. T. Davis, 
of Staten Island, N. Y., for hL kindly interest and constant inspira- 
tion in this attempt to learn something of the biology of the cicadas; 
and also Messrs. A. B. Galian, S. A. Rohwer and J. M. Aldrich, of 
the United States National Museum, for the identification of para- 
sites. Mr. R. E. Snodgrass also has been most generous in furnishing 
unpublished drawings and manuscript notes on the morphology of 
the cicada. Many others have assisted in collecting material and 
gathering data. Among these Mr. H. Steele, of Scott City, Kan., 
and Mr. John Wilson, of Elk City, Kan., deserve special mention. 
Throughout the course of these investigations Mrs. Lucy Dunbar 
Beamcr, my wile, has been of incalculable assistance by sharing with 
me the burden of caring for the insects under observation and by her 
help in the preparation of the plates. 

NATURE OF THE PROBLEM. 

Since the seventeen-year cicada, Magicicada septendecim (Linn.), 
the only one whose life history is known, spends such a long period 
of time underground, it is natural that particular attention should 
be given to the developmental stage of these insects. Questions 
present themselves as to the number of instars; morphological char- 
acteristics of each stage; the duration of each stadium; the food pref- 
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erences of the nymphs of each species, if any ; and the mysteries of 
their movements underground. Along with so many things of 
interest occurring beneath the soil, the emerging nymph introduces 
us to many new problems in the open air. 

The oft repeated statement that the adult cicada takes no food 
makes the question of feeding very interesting. Mating and ovi- 
position arc other absorbing problems. Where do they lay their 
eggs? In what type of substance — green or dead tissue — trees or 
grasses? What kind of nests do they make? Do they fill them with 
secretions of any kind? Does the dying of the twig kill the eggs? 
What egg parasites are to be found? A multitude of questions arise 
in this part of the life cycle. The hatching of the eggs, effect of heat 
and moisture upon hatching, the making of underground cells by 
the nymph, all present phenomena of intense interest. 

The above queries introduce some unique difficulties. First of 
all, the only species about which anything is known takes seventeen 
years to go through its life cycle — an astounding length of time 
when one considers the attempt to work out the life history in de- 
tail. The unity of opinion among writers, however, that perhaps 
most or even all other species pass through their life cycle within a 
year, or two years at most, gave some encouragement in attacking 
the problem. 

Another difficulty presented itself by the occurrence of different 
species emerging in localities many miles apart. For example, the 
past year (1926), three species were studied in Scott county, Kansas, 
and three others in Cherokee county, Kansas. The two localities 
arc 400 miles apart by automobile. Then, too, some of these species 
are tree-loving forms, and he who would learn of them must simu- 
late the habits of a squirrel. The shyness, also, which most members 
of this family exhibit to the would-be observer is no small obstacle 
in obtaining worth-while data. 

Attempts to collect nymphs in (he field for study and rearing pur- 
poses have been made. These have proved feasible only under the 
most favorable conditions. Comparatively speaking, very few indi- 
viduals of a species emerge each year in a given area. This fact is 1 
indicative of the number of nymphs in the ground at a given place 
and time. For example, let us suppose that in a ten-acre wood lot 
with a tree on every ten-foot square there is a pair of cicadas in 
each tree. No one would gainsay that the lot would be a perfect 
din with their songs, but if one were to fry to find the nymphs of 
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one of these pairs in the ground beneath their tree, tons of earth 
would have to be moved and examined. This has been, indeed, a 
very -real difficulty. 

To add to the problem the nymphs of different species within the 
genus are so nearly alike that only where one species occurs alone 
in a locality can one be reasonably sure of the identity of his ma- 
terial, even if he finds it. 

The problem is rendered still longer and more difficult by the 
fact that the adults occur but once a year, and then, in the case 
of most species, for only a few weeks. In addition, a large brood 
of a given species may occur in a certain locality only once in a 
number of years. Nevertheless the problem has become increasingly 
interesting, and plans have been made to continue the studies until 
many of the still unsolved mysteries have been answered. 

HISTORICAL SKETCH. , 

Long before the science of biology was born, before the habit of 
attempting to explain the phenomena of life had been developed, 
even before written records were kept of the thoughts of peoples, 
the cicada had attracted attention. The Egyptians gave images 
of this insect a religious significance. The ancient Greeks used them 
as a symbol of music and also as a decoration on coins The Athe- 
nians fashioned golden ornaments in their likeness. In early writ- 
ings they were often praised because of their song, and even held as 
almost sacred. For centuries the Chinese have used them for their 
coloring matter and medicinal properties. A common superstition 
has been handed down that the “W” in the cicada’s wing forecasts 
war. 

Records of many primitive peoples of the past and of the present 
show cicadas have been used as articles of food. Aristotle wrote 
that they were most edible just before emergence. Reaumur tells 
us that some of the ancients ate the males before mating and the 
females after. He adds that they liked the eggs of cicadas as the 
French people of his day enjoyed crab eggs. 

The first record of the seventeen-year cicada (the most famous 
member of the family) was made by Oldenberg, London, in 1660, 
in a paper entitled “Some Observations of Swarms of Strange In- 
sects and the Mischief Done by Them.” Unfortunately, m this 
paper he used the term locusts, thus confusing them from the first 
with the true locusts (Locustida). The brood which he had ob- 
served occurred in 1634 in New England. The Colonists reported 
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at this time that the American Indians used the cicadas as food; 
and. Andreas Sandel, of Philadelphia, in 1715 again mentioned this 
custom. The first serious attempt at a study of the biology and 
morphology of cicadas, however, was made by Reaumur in 1740. So 
accurate was his description of the sound-producing organs of the 
male that it is still used. He also made observations of the nests 
and the eggs. He observed nest parasites, but made no attempt to 
preserve them or place them systematically other than to say they 
were ichneumonids. He tried to hatch the cicada eggs, but had 
very poor results, failing to observe the process. 

A century later Fabre, in his pleasing way, recorded many inter- 
esting observations on the oviposition, the nests, the eggs and the 
hatching of the cicada. He observed hymenopterous parasites 
laying eggs in the cicada nests but, like Reaumur, failed to record 
the identity of them. He even made an attempt to rear the nymphs 
in a bowl of growing wheat and heather. This, however, failed and 
he decided that, while it might be done, it was not worth the effort. 

Little has been done on the biology of cicadas other than Magid- 
cada septendccim (Linn.) since the time of Fabre A detailed 
account of the work done on this speeies has been given by Marlatt, 
United States Department of Agriculture Bureau of Entomology 
Bulletin No. 71, 1907, and it will not be repeated here. Even with 
this species, where thousands of eggs were available, rearings in 
captivity failed. The data obtained w r ere gained from digging under 
trees where nymphs were known to have hatched in great numbers. 
Numerous writers have recorded notes on the oviposition, nests, eggs, 
etc., of some local species. Several have studied in greater or lesser 
detail the song and song habits of various forms. Snodgrass and 
Muir have done valuable morphological work on the group. It is 
hoped the following notes will be of interest and will add to what 
is already known of the biology of the cicadas. 

TECHNIQUE OF DETERMINING THE LIFE HISTORY. 

A STUDY OF BROODS. 

Former writers have suggested that the life histories of cicadas 
might be indicated fairly accurately from the occurrence of extra 
large broods in the field. For the past four years records have been 
kept on broods of different species in several localities. Whenever 
a large brood of any species has been observed, the locality and 
species have been noted, and also the time of year of the occurrence 
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of the largest numbers of individuals. Then other notes have been 
taken of the habits of the particular species, such as the time of 
day the males usually sing, the type of hosts the females use for 
oviposition, and the general appearance of the plants bearing nests. 
The localities have been visited each succeeding year as nearly as 
possible at the time most favorable for finding the maximum num- 
ber of individuals. The comparative numbers of some of the small, 
grass-loving species are estimated by collecting them by sweeping; 
the large, wary species are usually judged by the song of the males. 
Something of the size of the brood may be ascertained by the num- 
ber of ca*t nymphal skins on the ground or vegetation and by the 
oviposition marks left by the females where these are of a nature to 
be seen easily. Both details are accurate indicators, since one 
readily learns to distinguish between new and old. Cast nymphal 
skins will remain recognizable for a year, but they show the effect 
of weather and would not be mistaken for newly cast ones. The 
nests may be more confusing, but a little study soon renders one 
quite expert in judging their age, and there is always the test of 
cutting into the nest to find it either empty or containing live eggs. 

Size of broods can be expressed only in lelativc terms, as large or 
small, and the judgment of the observer would be valuable in 
proportion to his experience. So far no method of measure has been 
devised. 

Observations indicate that a great many records of a species 
should be obtained, and perhaps records in more than one locality, 
before an accurate conjecture could be made as to the length of its 
life history. This is due not only to the fact that there might be 
more than one large brood in a locality, but also to the many fac- 
tors which might cause a large brood to be diminished to a small one. 

DATA ON LIFE HISTORY BY DIGGING NYMPHS IN THE FIELD. 

Hope was entertained that a shorter and more accurate method 
might be found for obtaining data on the life history of cicadas by 
digging for nymphs in the field. Accordingly many hours have been 
spent in this way with gratifying success in a few instances and 
disappointment in many. 

Where to Dig. Locations were selected where a species had been 
known to be abundant. Often old oviposition marks determined the 
exact place for excavating. In timber, the north side of large trees 
near the trunk yiel4ed the best results. Some locations, which 
might have proved fruitful, were impractical because of the rocky 



Beameb: Biology of Kansas Cicadid^e. 


161 


nature of the soil. Digging has been delayed occasionally by pro- 
longed drouth. Not only is the labor of digging in dry soil greater, 
but a much higher percentage of individuals is injured in the opera- 
tion. In all cases more large nymphs were found than those of the 
smaller instars. This is probably due to the fact that as the nymphs 
increase in size their cells are more often broken open, and also to 
the fact that a large nymph is less apt to be overlooked. In a 
locality where dozens of fifth-instar nymphs were taken only two 
second-instar individuals were found; yet the next year many third 
instars were collected, indicating that they had been present the year 
before. 

Equipment Necessary. A tile spade, a large bladed knife, and 
a pair of tweezers constitute the equipment most often used in 
digging for nymphs. Wide-mouthed bottles containing 70 per cent 
alcohol are used for preserving the material in the field. If nymphs 
are to be taken to the laboratory alive, suitable containers must be 
provided. This will be discussed in detail a little later. 

Method of Finding the Nymphs. Large spades of dirt are cut 
loose and carefully lifted to a nearby natural clearing or to an 
artificial one made by unfolding a heavy newspaper. The sides 
of the excavation and of the removed lump of dirt are then examined 
carefully for nymphs which may have been expelled from their cells 
or for burrows into which the excavating has broken. When these 
leads have been examined and any material removed, the sod is 
held about a foot above the improvised worktable and gently torn 
to pieces. Work may be accelerated and also made more accurate 
by a helper carefully watching the surface of this table as the 
particles fall. In most soils the nymphs are readily seen because of 
the difference in color. As each additional spade of soil is removed, 
it is examined over the same place, thus soon building a small, 
flat-topped mound which forms a convenient worktable. 

As the nymphs are discovered they may be removed to the alcohol 
vials by means of tweezers, but, if live specimens are to be obtained, 
this method of handling has proved undesirable because so many 
specimens are injured. Often nymphs will grasp the tweezers with 
their front legs and may be lifted thus to the live cage. ' Other- 
wise they should be rolled gently into the hand or lifted with the 
knife blade and again gently rolled from the hand or knife into the 
awaiting container. 

In the case of the seventeen-year cicada, and occasionally with 
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large broods of other species, a satisfactory method is that of re- 
moving the soil above a root for a few feet, then cutting the root 
loose at one end and gently raising it. The largest number of 
nymphs will have formed cells perpendicular to and directly beneath 
such roots. Removing the root leaves the cells open at the top, 
hence easily seen. 

Transporting Live Nymphs. Specimens left exposed to the dry 
air for any considerable time are destroyed by desiccation. If num- 
bers are confined in the same container without partitions, they 
mangle each other with their sharp claws. The first attempt to 
overcome these difficulties was to cover each specimen as found with 
loose earth. This relieved the above-mentioned conditions, but the 
nymphs were often injured by the weight of the dirt. A nymph will 
dig in the most compact soil, provided it is not too dry, but it finds 
itself at a great disadvantage in loose earth. If it cannot make the 
soil hold together and fashion an open space or cell, it can only 
flounder helplessly, bruising its soft body with the hard particles and 
gradually wearing away its strength. 

In Mud Cells. Individual cells made from mud proved a safe 
way to transport them. A nymph so placed Will ride in a car for 
hours uninjured provided only that the ball remains whole. A more 
desirable method where many nymphs were to be transported was 
that of placing a layer of stiff mud about one inch deep in a flat box 
and putting the individuals in artificial cells. As each cell was 
filled, it was capped with a bit of flattened mud to prevent the 
escape and desiccation of the occupant. Nymphs have been thus 
inclosed without injury for a longer period during cold weather than 
hot. If the container was too tightly closed, nymphs confined for 
many hours have been found to be suffocated. Specimens which 
appeared dead from suffocation have been revived by leaving them 
in the open air for a short time. Where they were left for hours, 
a wet cloth was spread over the container. Numerous nymphs, 
thus revived, have formed cells and apparently recovered com- 
pletely. 

In Live Cages. Live cages have been taken into the field and the 
nymphs placed in them as they were found. This has proven a most 
desirable way where it is possible. Live cages have the advantage 
over the mud cell in that the new home formed is permanent. Newly 
transplanted nymphs begin work on the new cell immediately if 
kept in a warm place. 



Beamer: Biology of Kansas Cicadid.*. 


163 


Examination of Material in the Laboratory. Hundreds of 
preserved nymphs were studied in the laboratory in an attempt to 
determine the number of instars and the length of the life history. 
The nymphs of a species were first separated as to apparent size. 
Then each size was studied in detail under the microscope. The hard 
parts were measured. The number of segments of the antennae was 
compared in specimens of the same size and those of other sizes. The 
number of setae-bearing spines on the hind legs was compared. The 
development of the front femora and tarsi was studied, as to size, 
number of teeth in the comb, etc. The size of the wing pads, size 
and shape of the* pronotum, the genitalia, and general and specific 
color changes were all noted. From all these studies it seemed im- 
possible to decide the number of instars. Size divided them into 
several groups. Even measurements of the hard parts, which sup- 
posedly do not change within an instar, were found to vary. The 
character of the antennae seemed to divide them into five groups, but 
the variation in size of other parts was so great that it was impossible 
to tell whether the differences were due to added age or inherent 
nature of the individual. So many empty shells of nymphs having 
large wingpads had been found in burrows in the field that it was 
considered these large nymphs perhaps molted once during this stage. 

Accurate data now seemed to depend upon actual rearings in cap- 
tivity. Since the small size of year-old nymphs hatched and reared 
thus far in the insectary indicated a relatively long life history for 
alf cicadas, an attempt was made to trick nature into giving up her 
secret in a shorter time by simultaneous rearing of the various in- 
stars which were found in the field. 

Flower-pot Cages. A large number of experiments have been 
conducted in an attempt to determine the best types of live cages 
to use. Eggs have been hatched over large flower pots of perennial 
grass, and a year later the nymphs found by carefully tearing the 
dirt into fine particles. This cage has proved valuable when only 
growth of the nymph was desired, but it was obviously not practical 
for catching molts or for observing habits. To meet this need, small 
glass-sided cages were constructed. 

Small Glass-sided Cages. Three sides of a wooden frame one- 
half to one inch deep by four inches wide by five inches long were 
nailed together and a 4x5 glass plate placed on either side of it 
The sides were fastened in place by two wraps of a very fine copper 
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wire. Small lead lugs were numbered and tied on these wires for 
records. 

Hobt Plants. Since the first nymphs found in the field had been 
living on Pamcum virgatum, small green sprays of this grass were dug 
and- placed in a dozen or more of these cages with good, rich soil. 
The results were disappointing. This grass, divided down as small 
as was necessary, would not take root and grow as it should. One 
of two things seemed necessary. Either larger cages must be used 
to allow the large grass to grow, or smaller grasses or other small 
plants must be found on which the nymphs could live. 

An attempt was first made to give the large grass room to grow, 
and at the same time isolate some of its roots in small amounts of 
soil surrounded by glass so that observations could be made without 
disturbing the plant or insects. Six holes were bored in the bottom 
of a box and small test tubes, punctured at th^ closed end to allow 
the escape of excess moisture, were inserted in these holes. Then 
grasses were placed in the box with a healthy root extending the 
length of the test tube and the tubes filled with finely sifted and 
sterilized earth. The nymphs were placed in the test tube, and when 
they had disappeared into the soil, the box was filled with more of 
the sterilized dirt. The soil was then moistened and the box buried 
in loose sand in the laboratory. Another attempt to accomplish the 
same result was made with glass cylinders. A smaller cylinder 
closed at one end was inverted in a larger cylinder. Grasses were 
placed in the large beaker with their roots extending around the 
inner cylinder. When the cage was partly filled with soil the 
nymphs were placed between the two glass walls. Then the space 
above was filled with soil. In both types of cages the nymphs and 
the grasses lived, but neither plan was considered a success because 
the thinnest film of dirt over the glass obstructed observation and 
to remove the film it was necessary to demolish the cage. 

Annuals as Host Plants. At the same time the above experi- 
ments were being run, small annual grasses were being tried in the 
glass-sided cages described above. They grew rapidly, and nymphs 
placed among their roots gave every evidence of being in perfect 
condition. This encouraged the belief that cicada nymphs are not 
specific feeders, and experiments were started to determine what 
land of plants would make the most ideal hosts for them. Former 
writers have held that nymphs probably passed the winter in a 
dormant state and hence could live where only annuals were avail- 
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able. All material, however, which was left in cages containing 
annuals died when the grasses ripened in the fall. 

Vegetables as Hosts. A series of experiments was begun to de- 
termine, if possible, whether cicada nymphs might secure food from 
fresh tubers. Fifth instar Magidcada septendedm (Linn.) were 
used in the trials, with potatoes as the host. 

Two methods were tried: First, a hole was made in the potato 
about the diameter of the cells from which the cicadas were taken. 
These holes were closed by small pieces of celluloid inserted through 
slits made in the potato. (PI. XXXIII, Fig. 5.) Second, the 
cicadas were placed in artificial cells in a pan and the top of the 
holes capped with small potatoes. 

These experiments were started on December 4, 1926, with fifteen 
nymphs. They were kept in the laboratory where the temperature 
was warm enough to allow r normal activity. 

Results. Of the five nymphs placed inside the potatoes one died 
December 19, one December 20, two others were dead February 1, 
and the last, though still alive, was noticeably diminished in size 
March 10, 1927. These nymphs were observed with the beak im- 
bedded in the potato, apparently feeding. All of them clawed loose 
many bits of potato and attempted to arrange them near the open- 
ing of their cells. A small lump of dirt placed in one hole was used 
to cement the space around the window. It did not seem to be the 
light from the opening that worried the cicada, but the air that got 
in about the edge of it, and when this was sufficiently closed no more 
attention was paid to this sort of occupation. While this experiment 
would discourage the hope of using potatoes as hosts for cicada 
nymphs for any considerable period of time, it did give evidence 
that the above technique might prove a convenient and highly 
successful method of transporting nymphs for long distances. It 
seems probable that by using a little care in making the hole in the 
potato approximately the size of the normal cell and carefully seal- 
ing it shut to prevent desiccation and escape, nymphs might be so 
shipped with minimum expenditures of preparation, postage and 
fatality. 

The second method has proved more successful. At first the 
nymphs sealed the cells with soil, but, failing to find food elsewhere, 
they eventually came back to the potato. Often when the potato 
was raised for observation the beak of the cicada would be so firmly 
imbedded that the nymph was raised out of the cell. They tunneled 
11—3341 
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about in the pan considerably, sometimes two nymphs opening holes 
Very near each other. The nymphs in this type of container fre- 
quently opened their cells to the outside and left them open for days 
at a time. No explanation is offered as to why this was the case. 
An examination March 12, 1927, showed three nymphs in well de- 
veloped cells in the bottom of the container living on the roots of the 
potatoes, which at this time had begun to grow. They seemed in 
fair condition, and might emerge in due time. It is possible that 
cicada nymphs can be carried through their entire cycle in this man- 
ner. However, success seems to be due not to the tuber but to the 
roots that form from it. 

Other Plants. Experiments were conducted with a number of 
other plants. Wheat suggested itself as a winter food, but it proved 
to be too easily injured by changes of moisture and by disturbing 
the root mass in making examinations. Orchard grass, Dactylis 
glomerata L., and dandelion, Taraxacum officinale Weber, were next 
tried with excellent results. In about two weeks after transplanting 
they fill the cages with a wonderful system of tender roots, thus 
making it easy for the newly hatched or transplanted nymphs to 
find abundant food. In November* 1925, cages of this sort were 
carried in a car 400 miles to western Kansas and back again ; nymphs 
were planted in them in the field, the grass lived, also the nymphs, 
some of them emerging this past summer (July, 1926). Blue grass 
Poa pratensis L., Sorghastrum nutans, Panicum virgatum, orchard 
grass, dandelion and yucca wore all used in large cages. Any of the 
above, with the exception of the first and last, appear to be satis- 
factory. Preference is shown, however, for the large-stemmed 
grasses because of the greater extent of the root masses. (PI. 
XXXIII, Pig. 3.) Orchard grass forms many roots branching hori- 
zontally, which would increase the probability of newly hatched 
nymphs finding food, but the roots extend only a few inches deep. 
Dandelion grows deep but does not produce as dense a root mass, 
leaving the greater probability of tiny nymphs failing to find them. 
Yucca suggested itself because Tibicen bifida (Davis) eggs had been 
gathered in great numbers in Scott county, Kansas, placed in dead 
yucca stalks. It is a hardy plant, but the root system is too coarse 
and unbranched. 

Because so many of our Kansas cicadas live in trees, experiments 
were started with trees as hosts. Willow, cottonwood, maple, and 
elm were potted. Trials with these have not proceeded far enough 
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to draw definite conclusions as to their worth. A fifth instar of 
Tibioen auletes (Germar) taken from oak and placed in a cage of 
willow on June 25, 1926, emerged in August. Some T. deaibata 
(Davis), fifth-instar nymphs, placed in the same sort of cages in 
August, 1926, are still alive and doing nicely February 9, 1927. 
These meager results, however, would indicate that small trees may 
be successfully used in live cages. The trees are less hardy, however, 
and more apt to succumb to inadequate quarters than grasses. 

T.abqf Glass-sided Cages. During the second year it was found 
that some of the earthenware pots had been so badly broken by 
freezing and thawing that it was necessary to replace them. In 
trying to overcome this difficulty large glass-sided cages were made 
after the pattern of the smaller ones. Eight by ten glasses were 
used and placed on a framework of wood two to four inches deep. 
The glass was countersunk and held in place by wooden cleats. 
These cages proved most convenient and desirable in every way, 
except that the wood decayed (PI. XXXIII, Fig. 1). Not only 
does the decaying render the cage difficult to handle and necessitate 
ultimate replacement, but large nymphs will burrow through it and 
escape. A fifth instar, Magicicada septendecim (Linn.), placed 
in a large cage of willow on June 1, 1926, had escaped in this manner 
before February 3, 1927, yet the cage was solid enough to hold 
together (PI. XXXIII, Fig. 2). A more durable cage is now being 
constructed by using heavy galvanized iron for the sides. 

‘Transplanting Nymphs. Where nymphs are transplanted one 
side of the cage is removed and a hole large enough for the individual 
is made near the root. Transplanted nymphs, if placed near the 
top of the cage with only loose soil covering them, tend to work to 
the surface instead of going down. If they are being placed in pots 
which have been growing for some weeks, the soil may be removed 
intact by inverting the pot and artificial cells made for them among 
the roots several inches beneath the surface. As the nymphs are 
found at all depths from two to twelve inches in nature, they may 
be placed at varying depths in the cages. Care should be exercised 
to make these holes large enough to allow room for the nymph to 
use its legs and to turn over to place loosened dirt in another part of 
the chamber. About 40 nymphs, so placed among choice roots, were 
found dead when examination was made, because they had been 
placed in cells too small to allow them to work. 

When nymphs were transplanted in the winter the cages were 
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allowed to remain in a warm room until the nymphs had time to per- 
fect their cells. This is essential, because they will not dig at low 
temperatures, yet they need the well-formed cell to protect them 
from drying and flooding, from injury from jar and attack from 
enemies. It is also considered that they feed in winter, so they 
should have their cells built around the food roots. 

Care of Cages. Cages containing nymphs are kept buried to the 
top in the open when not needed for observations. If exposed to 
air for long periods it is more difficult to keep the moisture content 
right for the host to thrive. 

Observations should be made frequently enough to catch any 
changes which occur. During molting and emerging seasons daily 
examinations are desirable; or, if one hopes to observe the actual 
act of molting or transformation to adult, material must be kept 
under almost constant observation. If the g|ass becomes soiled, it 
may be removed, cleansed, and replaced. Often the glass will form 
a portion of the cell and activity may be observed with the cage 
intact. Cages containing nymphs which are nearly ready to emerge 
are kept under large frames covered with screen wire or mosquito 
netting. No protection is needed from rain or freezing after the 
nymphs have had time to form their cells. 

REARING FROM EGG TO ADULT. 

Care of Eggs. Unlike the nymphs, the eggs require very little 
care. So far but one species has been studied whose eggs dry up 
when the host plant withers. Although good eggs have been found 
in twigs which have been dry for long periods and also in stems 
badly molded from excessive moisture, natural conditions are main- 
tained as nearly as possible by suspending the twigs bearing nests 
in trees out of doors soon after collection. Even eggs placed in 
dry tissue will shrivel if kept for a long time in very dry atmosphere. 

Hatching Out of Doors. At first eggs were simply placed over 
pots containing the host plant and left to hatch naturally. It was 
thought the mortality was needlessly high with this method, due 
to a number of things. A hard storm, high wind, soil too wet or dry, 
might be disastrous to great numbers. Ants have been found on 
the stems containing the nests, devouring the nymphs as they 
emerged. The predacious enemies in the soil were also numerous. 
The defenseless nymphs must run the gamut of all these dangers. 

Hatching Indoors. To reduce the mortality, the nests were 
taken into the laboratory as soon as red eyespots appeared. Flat- 
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bottomed trays with a smooth surface were found most convenient 
as containers, The stems were moistened daily, and when hatching 
began were kept covered. Nymphs left in dry air become desiccated 
in a few minutes, but, if kept in a moist chamber, will remain in 
good condition for several hours. Moisture was supplied either by 
a damp cloth covering or a moistened sponge placed inside the tray. 
Excessive moisture is undesirable because the nymphs are helpless 
if caught in the surface tension of a drop of water. It became the 
custom to dip the nests in water and place the tray in the morning 
sunlight. Within an hour the eggs would begin hatching, and by the 
end of two hours the largest part of that day’s hatch would be out. 
Newly hatched nymphs will not injure each other when placed to- 
gether as do the older instars. Dozens of nymphs may be allowed 
to crawl about together without injury. At frequent intervals dur- 
ing the hatch the nymphs were removed, counted, and placed in 
cages. 

Cages for Fibst-instar Nymphs. When the nymphs were being 
plated for the purpose of obtaining data on the digging and feeding 
habits and on the time of the first molt, the small glass-sided cages 
were used. On the other hand, when the completed life cycle was 
desired, large flower pots or large glass-sided cages were used. In 
either case it is most essential to use cages that are well filled with 
healthy root masses. The soil should be thoroughly moist, yet not 
wet. If the soil is too dry the nymphs cannot form their cells. If 
it is too wet they will leave, if possible, and many of those that 
remain will become glued to their surroundings in some helpless 
position. 

A few newly hatched nymphs were placed in a plate cage contain- 
ing moist cellucotton instead of soil around the grass roots. Obser- 
vations were made under the binocular microscope. They crawled 
hurriedly back and forth over the roots, into one crevice after 
another, seeking for the necessary dirt for a home. This frantic 
search continued until they became caught in drops of moisture 
or were otherwise stopped. There seemed no doubt that the first 
instinct, that of forming a cell, must be gratified before food could 
or would be taken, and the idea of a soilless cage was abandoned. 

Newly emerged nymphs, dropped on the surface of the soil, soon 
disappear into cracks or crevices and readily find their way beneath 
the surface. A more desirable way of transplanting, however, is to 
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remove one side of the glass cage and drop the nymphs upon the un- 
covered surface directly over the root mass. 

Case of Live Cages. If the small cages are left lying on the side 
for a few hours, many cells will be found against the under glass, 
giving the observer an ideal opportunity to watch cell-forming and 
feeding habits. Cages should not be wet after the introduction of 
newly hatched nymphs until these nymphs have had time to form 
their cells. Two problems confront the caretaker when the new 
nymphs have been plated. The host must be kept in good con- 
dition and the tiny nymphs should be protected from predacious 
enemies if possible. With the hardy plants which are used ex- 
clusively now, the first problem may be solved simply by burying 
the cages out of doors with their tops level with the surrounding soil 
and leaving them in this natural condition. Only in extreme drouth 
is any care needed. However, cages containing dozens of nymphs 
thus buried in the open have been entirely depleted in a short time 
by predacious enemies, probably largely by ants, while those kept 
in the laboratory were undisturbed. The problem of freeing the 
soil from animal life without using chemicals which will injure the 
cicadas when introduced, or by using treatment which will not injure 
the plants which must be hosts for them, is now being attacked. 

Collecting Live Specimens — Adults. To collect adult cicadas 
in the wild is a task requiring some skill and much time and deter- 
mination, but to obtain observations on all their habits in the field 
would be a herculanean task. For museum purposes they may be 
killed with small shot shells, but to hope to get their story they must 
be taken alive. Some small species may be collected by sweeping. 
To take the larger and more wary kinds a long-handled net has 
been devised. The male may be found by his song, but careful 
scanning up and down the trunks and limbs of trees or other hosts 
is the only method of locating the females. No sure-catch methods 
have been devised. Sometimes they dart quickly out from the tree, 
sometimes to one side, sometimes to another. Again, if the female 
happens to be ovipositing, a quick sweep of the net may break her 
ovipositor, rewarding her captor with only a useless, mutilated 
specimen. However, a certain skill may be developed by practice. 

Live Cages fob Adults. Live specimens of several species were 
placed in a wire cage on green limbs freshly cut from surrounding 
trees. Not a male sang, not a female oviposited, nor did a pair 
mate. Within two days all were dead, most of them having sue- 
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cumbed during the first afternoon. A wire cage containing a female 
Tibicen dorsata (Say) was then placed over a small walnut tree. 
Within a few minutes she was observed with her beak pressed 
against the bark obviously feeding. She lived several days in cap- 
tivity feeding a large portion of the time. She also made several 
nice series of nests. It was assumed in succeeding work that all 
adult cicadas must feed if they were to live and function, and live 
specimens were always placed in cages over living plants or trees. 
A convenient form of cage is a mosquito net bag approximately a 
yard square left open at one end. This may be slipped over a twig 
or small tree or weed and tied shut. A small opening in the closed 
end makes a convenient place for inserting the cicadas, and may be 
pinned shut once they are inside. This type of live cage has given 
excellent satisfaction. It is inexpensive, collapsible, and can be 
quickly attached to any desirable host. Also, the soft material 
does not injure the excited captives when they strike it. Incisions 
can easily be made in this type of cage, if it is desirable, to make 
observations at closer range. 

Transporting Adults to the Laboratory. A pasteboard box 
with close-fitting lid is used to carry live adults from the field to 
the laboratory. Green pieces of weeds placed in the box give them 
something to cling to and reduce their nervousness materially. An 
attempt to transport live adults 200 miles in a mosquito net bag 
over a live transplanted tree in an open car was most disappointing. 
Many were dead at the end of the trip, and all died within the next 
thirty-six hours without having given any records. A few weeks 
later, however, a similar number were carried about the same dis- 
tance in a heavy pasteboard box about 18x18x24 inches filed with 
green twigs. While some of those died in transit, some of all species 
represented remained alive. When put in live cages the males sang, 
both sexes fed, mating was observed, and many eggs were laid. 
One male sang lustily for three weeks. 

Making Observations in Cages. If one moves quietly and 
slowly about the cages, the captive cicadas pay little or no attention, 
and all the normal habits may be observed at length. Photographs 
of captives have been made by cutting a hole in the netting and 
folding back the edges to allow better lighting and unobstructed 
view for the lens. It was found desirable in such attempts to work 
rapidly but quietly and gently, for the least disturbance would stop 
the operation and even if undisturbed the cicada might cease 
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when the nest was completed. Prolonged observations have also 
been made by placing a live cage on a table out of doors and clamp- 
ing the binocular to the table. Numerous ovipositing females have 
been observed in this manner. 

Removing Adults from Cages. Cicadas in copula may be 
removed from the cage by picking them up in the hand and placing 
them wherever desired. They seem to have no fear, and may be 
placed in the open and moved about at will. 

If it is desirable to remove females which are ovipositing from the 
cage, extreme care is necessary, and, even with the utmost care, only 
a small percentage of trials have resulted in success. When this was 
contemplated, dead sticks or live twigs, whichever was the normal 
host, were placed in the cage in a manner to be removed easily. 

GENERAL NOTES. 

Broods. Queer, indeed, would be a Kansas summer without the 
songs of a half dozen species of cicadas. Although they are always 
with us, they rarely appear in sufficient numbers to be generally 
thought of as broods. Even then great numbers occur only in 
restricted localities. A few of these, however, are perhaps worthy 
of note. Cicada hieroglyphica Say emerges almost every year in 
blackjack oak, Qwercus marilandica, in the southeast section of the 
state. A fairly large brood came out in June, 1926. In an isolated 
valley near Woodbine, Kan., a large brood of Tibicen auletes (Ger- 
mar), emerged in 1923, and about one-half as large a brood in 1924, 
with practically none in 1925 and 1926. A noticeably large brood 
of Tibicen lyricen (DeGeer) emerged near Garnett, Kan., in 1923. 
It has nut occurred there in so great numbers since. Our commonest 
eastern Kansas cicada, Tibicen pruinosa (Say), emerges in what ap- 
pears to be almost constant numbers each season. The other species 
occur in varying numbers and places, some every year and others 
perhaps not so often, at least in the same localities. Thus while 
Magicicada septendecim (Linn.), the most famous member of the 
family, is represented by only an occasional herald one year, appears 
in countless number the next, a few lone stragglers the third, then the 
species disappears altogether for a number of years, apparently all 
other species which occur in Kansas appear in greater or less num- 
bers every year,^and no other species has been observed which ap- 
proaches Magtcwada septendecim (Linn.) in the density of one 
brood. There seems no reason, however, to question that each 
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species of cicada requires a definite number of years in which to 
complete its cycle, just as the seventeen-year one. 

There is considerable variation in the time of emergence of dif- 
ferent species of cicadas. The early species emerge in June and July, 
the late ones in August and September, while others appear in vary- 
ing numbers throughout the season. Emergence time is constant 
from year to year with a species in a given locality, but does not 
hold for other species of the genus. Thus while Tibicen bifida 
(Davis) appears in June, Tibicen aurifera (Say) occurs in small 
numbers throughout the summer, being one of the last to cease its 
song. The following table illustrates roughly the time of emergence 
of the species: 
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Length of Life of Adult. No data have been obtained on the 
length of the life of the adult individual in the field. Specimens 
have been kept in captivity from a few hours to three weeks. It 
seems probable that some species will live nearer their normal life 
in captivity than others. A male specimen of Magidcada septen- 
decim var. cassvni (Fisher) taken before it had completely hardened, 
lived in a live cage on cherry for two weeks. A male of Tibicen 
dorsata (Say) , which had been taken when active in the field, trans- 
ported 200 miles, and placed in a live cage on apple, lived three 
weeks. 

Emergence from the Soil. Emergence from the soil in every 
case observed has been accomplished through a more or less regular 
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hole. Only in rare cases has there been a semblance of a hut or a 
cone, as is sometimes the case for the seventeen-year cicada. The 
normal tame of constructing the emergence chamber has not been 
computed. A Melampsalta calliope (Walk.) fifth-instar nymph, dug 
its cell to within one-fourth inch of the surface twenty-six days be- 
fore it emerged. No period of resting was detected, the nymph being 
observed at the bottom of its cell feeding shortly before transforma- 
tion. One M. calliope (Walk.) fifth-instar nymph, transplanted 
from the field to a cage, emerged in ten days from a well-developed 
underground chamber which it had constructed. (PI. XXXIII, 
Fig. 6.) 

Transformation to Adult. Observations have been made on 
the actual act of transformation from the nymph in but one species. 
However, dozens of cast skins of numerous species have been col- 
lected. Small species like M. calliope (Walk.) tend to cast their 
skins much nearer the emergence holes than larger ones. All seem 
to prefer night as the time for transformation. No variation has 
been noted in the way the skin splits or the method of holding to 
the support. The nymph comes to rest in a vertical position with 
the head up, or in a horizontal position on the underside of the limb, 
attaching itself firmly by the middle pair of legs. 

Food Habits of the Adult. All data tend to show that adult 
cicadas of both sexes feed regularly and often. Both M. calliope 
(Walk.) and Proarna venosa (Uhl.) have been observed to feed 
between the making of nests during oviposition. A female of the 
latter species was seen to insert her beak into a stem of dry grass 
in which she regularly oviposits. Whether she obtained any food 
from it or not it was not possible to tell. In every instance the 
first thing the adults were observed to do when placed in a live cage 
was to feed and, given food, most of the species obtained mated, 
the males sang, and the females oviposited in captivity. In all cases 
where food was withheld the adults died within forty-eight hours 
at most. 

The Song. All of our Kansas cicadas have individual songs, with 
the exception of Tibioen dealbata (Davis) and Tibicen marginalia 
(Walk.). Their songs seem to be identical. That the song of the 
cicada is a secondary sexual character has been generally accepted. 
No record has been found of observations of females following the 
songs of males, but two interesting types of experiences are given 
where females have been attracted by rhythm similar to the song 
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of the male of the species. Mr. Annandale, writing on “Insects of 
the Skeat Expedition to the Siamese Malay States ” in 1899, says: 

H At certain seasons this cicada, Dundubia intenerata, forms a regular article 
of diet among the Siamese inhabitants of Patalung; and as their method of 
capturing it is based upon a knowledge of its habits, I cannot do better than 
give an account of this method, as I saw in operation at Ban Nah, a village 
on the border of the hill country of Patalung. Immediately after the sun had 
set several of the natives gathered in an open space, round a fire of brush- 
wood or a number of torches fastened to stakes stuck into the ground, and 
commenced to clap their hands in unison, observing a regular time and rhythm. 
Very soon, if they were fortunate, the Cicadi dee flew out from the under- 
growth of the surrounding orchards and jungle and alighted on the persons of 
their captora, who had no difficulty in picking off the insects with their fingers 
and securing them, still alive, in the fold of their draperies. The clapping 
only continued for about half an hour every evening; and when, with con- 
siderable difficulty, I persuaded the men to recommence it again later in the 
night, not a single cicada came near them, though the fctridulatrag had now 
become loud all over the village, like the noise of machine hair-brushes in a 
barber's shop. 

"The insects were silent on the wing, and I only heard one stridulate when 
caught. The voiceless females, as might be expected, were in great prepon- 
derance over the males among the specimens taken; probably the one inr 
dividual which was not dumb when captured was the only male taken that 
night. In order to be sure that the fire was not the chief attraction for the 
Cicadidse, I stood among a party of natives who were clapping, together 
with another member of the expedition, who clapped also, while I kept my 
hands still. In the course of a few minutes the natives captured many speci- 
mens, and ten alighted on my friend’s coal; but only one settled on mine. 
Afterwards I heard from a Patani Malay that the children of Patani have a 
game in which they attract cicadas by clapping their hands, and without the 
aid of light at all; though they sing, as they clap, a nursery rhyme, calling 
upon the insects to come down from the trees." 

A personal experience lends similar evidence. Numerous Tibicen 
dorsata (Say) females were collected on the cab and other parts of 
a Fordson tractor which was being driven through a weed-grown 
field. Not a male was taken. Persons have been known to mistake 
the song of this cicada when quite near for the hum of a distant 
tractor, and it seems reasonable to suppose that the sense organs of 
the female which record vibrations recognize a similarity in the two 
sounds. In both instances the females of only one species were at- 
tracted, although other species were present in the localities. 

Perhaps the most direct proof of the relation between sex and 
song is the fact that in captivity the other males in a cage almost 
invariably sing when a pair is mating. They have been observed 
crawling around and over the mating pair singing with all their 
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might. Not only one male, but several at a time, will react in this 
manner. 

That the males also detect sound is indicated by the fact that 
singing in one cage provokes the singing of males in adjacent cages, 
even when they are of different species. It was also noticed that 
the singing of males in cages often excited answering songs by males 
in neighboring trees and, vice versa songs within hearing of the 
cages were answered by captive males. Likewise one male may 
break the silence on a summer afternoon to be, joined almost im- 
mediately by males on surrounding hosts. 

Mating. Matings occurred frequently among the cicadas in the 
live cages. Often several pairs would be in copula before the speci- 
mens arrived at the laboratory from the field. The act of copulation 
takes from a few minutes to an hour and a half. The same female 
often mates with different males. In one instance a male Tibicen 
pruinosa (Say) mated with a female Tibicen chloromera (Walk.). 
This occurred while transporting a number of species together in one 
container. Mr. W. J. Rainbow writing in Rec. Austral. Mus. v, p. 
116, gives an account of the mating; of two cicadas belonging to 
different genera. He also includes a photograph of the pair. 

During the act of copula the pair seem to pay no attention to 
their surroundings, and may be removed from the cages for photo- 
graphs or other observations. 

Oviposition . The mechanics of oviposition is practically the same 
for all species. As the abdomen is raised from the support the ovi- 
positor springs from the protecting valves. The point is placed 
against the host at a right angle to it, and by a rotating motion 
of the whole organ and an in and out motion of the two valves it is 
gradually driven into the tissue. As it pierces the material, the angle 
is lessened so that the hole turns down, finally parallel with the sur- 
face instead of directly into it. When sufficient room is made for the 
nest, the process of placing the eggs is begun. These are laid usually 
in two rows the full length of the nest. The bottom end of the egg is 
placed at the back side of the cavity and the outer end against the 
outer side. (PI. XXXI, Fig. 3.) There may be one or more nests 
made from the same external opening depending on the species. 

Nests. The nests may or may not be arranged in a definite order 
in the host plant. Tibicen aurijera (Say), T . marginaMs (Walk.), 
2P. deaibata (DaVfe), T . vitripennis (Say), T. dorsata (Say), Mel - 
ampsalta calliope (Walk.), Proama venosa (Uhl.), and sometimes 
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Tibicen bifida (Davis), exhibit an orderly arrangement of their 
nests, while the others noted scatter them more or less at random. 
Except in the use of grass stems, regular arrangement tends to be 
found where green tissue is used, irregular where dead. 

Some species make use of secreted gluelike material both at the 
beginning and closing of a nest. Proarna venosa (Uhl.) exudes a 
liquid on the dry grass stem when she places her ovipositor against 
it. Again as she withdraws the ovipositor from the nest, she fills 
the opening entirely with a white frothy material. Tibicen lyricen 
(DcGeer) not only fills the opening full of secretion, but presses the 
tom tissues back into place with the fleshy sheaths of the ovipositor, 
leaving the external evidence of the nest difficult to see. Unlike the 
above, Melampsalta calliope (Walk.) does not place any secretion 
in her nests. This omission may account for the fact that her eggs 
shrivel as soon as the host begins to wilt. 

Eggs. The number of eggs in a nest varies from three in Cicada 
hieroglyphica Say, to as many as twenty in some Tibicen aurifera 
(Say) nests. The arrangement of the eggs of most of the species 
follows that shown in (PI. XXXI, Fig. 3) Melampsalta calliope 
(Walk.), however, sometimes uses a different arrangement. (See 
PI. XXXVIII, Fig. 4.) In the stems of sweet clover, at least, she 
places her eggs in a fan-shaped figure, starting as low as convenient 
in the hollow stem and placing one egg on top of another up to or a 
little above the entrance of the nest. Cicadas which oviposit in 
different types of tissue may be influenced in the size of the nest by 
the nature of the nest. Mr. Wilman Newell writes in the U. S. Dept. 
Agri. Bureau of Ento. Bull. 60, pp. 52 to 58, of Tibicen vitripennis 
(Say) placing 75 eggs in a hollow stem from one opening. Melamp- 
salta calliope (Walk.) regularly places from 12 to 16 eggs in a nest 
in asparagus or sweet clover, but only three in the stems of the 
compass plant, Silphum laciniatvm L. 

Hosts. No species has yet been observed which uses only one 
host for oviposition. Attempts have not been made to list those used 
by any of the species because observations tend to show that they 
will use almost any material. Mr. Newell, writing in the report 
mentioned above, records Tibicen vitripennis (Say) ovipositing in 
the walls and roofs of sheds, in fence posts, in all kinds of weeds, 
in cotton, in corn, and even in the handles of hoes left in the field. 
Some one has observed a cicada attempting to oviposit in an iron bar. 
Tibicen pruinosa (Say) has been observed in the laboratory oviposit- 



178 


The Univebsity Science Bulletin. 


ing in the wooden side of a cage. A species may show a marked pref- 
erence, however, for some particular material. It may be anything 
from soft green weed stems to the very hardest of dead oak twigs. 
Although some species seem to prefer hard wood, the majority choose 
softer materials. The old corky bark of elm and willow is a favorite. 
Partially decayed twigs are also used. Plants with a pithy or hollow 
center, as sweet clover, cotton, com, etc., are chosen by some species. 
While most species prefer either live or dead tissue, practically all 
will use the other if their preference is not at hand. Tibicen pruinosa 
(Say) and Cicada hieroglyphica Say have not been observed to ovi- 
posit in living tissue. Where twigs are chosen for nidification they 
are usually of a size convenient for the cicada to grasp with her legs. 

Effect of Oviposition on the Host. Where oviposition occurs 
in green tissue, the death of the stem sometimes follows. Newell 
reports a total loss of some cotton fields in Louisiana in this manner. 
In July, 1925, a field of cotton was inspected in Oklahoma by the 
author, where perhaps one-tenth of one per cent of the plants had 
been killed or severely injured by the oviposition of Tibicen vitri- 
penrds (Say). Tibicen dealbata (Davis) in western Kansas often 
oviposits so thickly in cottonwood twigs that the twigs die, either 
directly from the maceration by the ovipositor, or are so weakened 
that the wind breaks them off. It is no exaggeration to say that 
this species often cuts in shreds limbs one-fourth inch in diameter 
for a space several inches in length. Unlike the seventeen-year 
cicada, none of the species so far studied, except, perhaps, Tibicen 
vitripennis (Say), become numerous enough to be of any consider- 
able economic importance in this way. 

Eggs. The eggs of the different species of cicadas vary in ap- 
pearance only as to size. Those of Tibicen auletes (Germar) meas- 
ure about 2.75 mm. in length and .5 mm. in width, while those of 
Proama venosa (Uhl.) measure about 1.6 mm. in length and 0.4 mm. 
in width. The chorion is smooth, shining, and transparent, revealing 
the internal structure distinctly as the embryo develops. The eggs 
are white in color and somewhat spindle-shaped, a little more 
sharply pointed at one end than at the other. 

The length of the egg stage varies from one to three months in 
those species which hatch the same summer, and from nine to twelte 
months in those which hatch the following year. Among the species 
studied which oviposit in live tissue, MeUmpsalta, calliope (Walk.) 
is the only one whose eggs wither with the wilting of the host. In 
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all the others, even though the host dried, the eggs remained in per- 
fect condition, if they were kept in outdoor conditions of temperature 
and moisture. Marlatt, in Bull. 71, U. S. Dept, of Agri., pp. Ill, in 
discussing the eggs of the seventeen-year cicada writes as follows: 
“As is the case with most insects that oviposit in the living parte of 
plants, the eggs of the cicada receive a certain nourishment from the 
plant and actually increase in size before hatching, by absorption 
of the juices from the adjacent plant cells." Of the species studied 
Melamp8alta calliope (Walk.) is the only one which could possibly 
obtain nourishment from the host, as the others, even if placed in 
green tissue, are capable in themselves of developing and hatching 
normally though the host dies. The eggs of all species show red 
eyespots, and later tarsal claws on all the legs, some time before 
hatching. In those of Melampsalta calliope (Walk.), Tibicen bifida 
(Davis) and Tibicen vitripennis (Say) the whole egg turns pink 
and the first instar nymph is pink after hatching. Fabre refers to 
those he studied as resembling a grain of wheat in color. All others 
studied remain white. 

Hatching. As has been mentioned earlier hatching appears to 
be influenced by moisture and temperature. A few stems containing 
eggs were left dry in the laboratory, while the remainder were mois- 
tened daily. When the hatch was practically complete in the moist 
stems and had not begun in the dry ones, these latter were dipped 
in water for a few seconds and then placed in warm air. Within an 
•hour the eggs were hatching rapidly. A cool day during the hatch 
has also been noticed to stop the emergence temporarily. 

In hatching the embryo bursts the egg capsule anteriorly and 
wriggles its way to the nest opening. The complete hatch of a dozen 
or more eggs is accomplished with little or no disarrangement of the 
empty shells. Usually the egg nearest the opening hatches first, and 
the others follow in inverse order to that in which they were laid. 
This is not invariably true, however. When the nymph emerges 
from the nest, it is still inclosed in the postnatal skin — a very thin, 
transparent membrane. Although the appendages are each incased 
in a separate sheath, all are folded ventrally against the body and 
remain stiff-jointed and useless until this skin is cast. The .emerging 
nymph reminds one of a fish, both in general shape and in the wrig- 
gling motion by which it works its way along. The postnatal skin 
splits doreoanteriorly. This is accomplished by repeated contract- 
ing and expanding of the body, which resembles an undulating mo- 
tion. The anterior end becomes greatly distended, then reduced. So 
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transparent is the skin that the only evidence of its splitting is the 
appearance through the slit of the hairs of the nymph. Gradually 
the antennae are pulled free from the skin, then the front pair of 
legs. They immediately begin moving these large, digging front 
claws, opening and closing them. Within a few seconds all the legs 
have been freed and the abdomen slips easily from the wrinkled 
skin. When the eggs are hatching normally, it requires about five 
minutes from the time the anterior end of the embryo appears in the 
nest opening until the first instar nymph crawls away. The post- 
natal skin remains attached to the nest. The individual which is 
casting its skin may be projected entirely above the nest from the 
anterior end of another egg. Even the second nymph has been ob- 
served forced clear of the nest by the third. Only one casts its post- 
natal skin at a time, however, and when the hatch is completed the 
cast skins are grouped about the nest entrance. These appear to the 
naked eye to be tiny funnels, but a careful examination reveals a 
complete exuvium. 

Occasionally the egg may be turned wrong end to in the nest and 
the emerging nymph fails to find the nest opening. Where nests are 
made in hollow stems, Tibicen aurifera (Say) nymphs have been 
found two or three inches down the stem searching in vain for a way 
out. Eggs removed from the nest usually do not hatch. This is 
probably due to the lack of support to hold the shell while the em- 
bryo breaks it. However, nymphs falling from the nest opening be- 
fore casting the postnatal skin have been observed to wriggle con- 
tinuously until they finally free themselves. This requires much 
longer than when it remains attached to the host, and a little excess 
of moisture in the receptacle or air which is a little too dry is fatal to 
the nymph. 

Much variation has been experienced in the rate of hatching. Ti- 
bicen aurifera (Say) has been observed hatching so rapidly that the 
tiny white forms resembled scattered aphids on the stems. As many 
as 600 newly hatched nymphs of Tibiccn dealbata (Davis) have 
been removed from a handful of twigs in one day. On the other 
hand, just an occasional postnatal skin or empty eggshell in the 
nests marks the hatching of one egg at a time in other species. Usu- 
ally with the eggs in the laboratory the largest hatches come near the 
beginning, the number soon dwindling to only a few. Examinations 
of the nests indicate that all of the eggs of a nest rarely hatch in 
one day, but that in nests with large numbers of eggs most of them 
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hatch within a few hours. The one or two remaining eggs may wait 
several days before hatching. 

Among the species observed the batching period of the eggs is 
much shorter in those which overwinter in the egg stage than in those 
which hatch the same season laid. Thus, while the nymphs of 
Tibicen aurifera (Say) emerged within a period of eleven days, 
Tibicen bifida (Davis) has been observed to hatch over a period 
of fifty-one days. It seems probable that this great variation in the 
time of hatching may be due to the difference in the time of oviposi- 
tion. The development in the eggs which overwinter appears to be 
complete when spring comes, and all eggs of all species are ready to 
hatch as soon as the temperature becomes high enough for the last 
phases of development, regardless of the time laid. Thus Tibicen 
dealbata (Davis) eggs laid in July began hatching only three days 
earlier than eggs of Tibicen aurifera (Say), which were deposited 
in September. They all hatch within a few days of each other. 
Development may be accelerated by bringing the eggs into the warm 
laboratory early in the spring. Unless the nests have been parasit- 
ized or have been exposed to extremely arid conditions the per- 
centage of eggs which hatch is high. In fact, examination of numer- 
ous nests often shows 1(H) per cent emergence. 

Immature Stages. The newly hatched nymph with its front legs 
so peculiar^ adapted for digging, its large antennae, and hairy 
appearance in general, presents a really grotesque figure as it scram- 
bles- away from the nest. These are quite active as compared with 
any of the other instars, running about over the twigs which con- 
tained the nests or over the bottom of the tray, as the ca«e may 
bo. As other writers have said, the nymphs hatching in nature 
rush over the sides of the limbs and cast themselves into space as 
though the wings of their progenitors would bear them safely to 
the earth. It is here, no doubt, that the wind plays an important 
role in the distribution of the nymphs beneath the trees. As has 
already been stated the north side of trees seems to be the most 
likely place to dig for immature stages. The fact that our prevailing 
winds are from south to north agrees with these findings. 

In the laboratory, at least, the nymphs seem to be attracted by 
moisture, although a cage with the soil too w*et tends to repel them. 
However, the tiny individuals fresh from the nests are extremely 
sensitive to desiccation. But a few minutes subjected to dry air is 
sufficient to kill them. In order to make observations of nymphs 
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under binoculars they must be placed on a moist pad. In a dry 
container one can watch the tiny creatures shrivel and die, the 
process taking scarcely longer than it does to write these words. 

Newly hatched nymphs are phototropic, but after they have en- 
tered the soil light does not seem to affect the nymphs in any way, 
either in this instar or any other, when once an individual has its 
cell finished. Even though a part of the cell is glass and the light 
comes in freely, the nymph will often continue feeding for weeks 
without changing its home or showing in any other way what might 
be construed as a reaction toward light. Even when a strong 
electric light is thrown on them for observation, no reaction what- 
ever can be noticed. 

Unlike all the other instars, this is not affected by a sudden jar 
or other disturbance. Nymphs may be transferred from a tray to 
a cage by shaking the container over it, and, though they may fall 
a foot or more, all of them, upon touching the 'soil, will be moving. 
In the other instars there is a tendency to “play possum” when 
disturbed. The baby nymphs pay not the slightest attention to one 
another. If gathered together in a small space they will scramble 
over and over each other without injury, while the individuals of 
the other instars, if placed together, will soon kill one another. 

Newly Emerged Nymphs. Newly emerged nymphs, upon reach- 
ing the ground, crawl about until they find a crevice which they 
can enter. They have never been observed attempting to dig from 
the surface in the laboratory although Fabre records nymphs dig- 
ging beneath the surface, leaving openings which resembled pin 
holes. Excellent opportunity to watch their first operations has 
been afforded by the use of the small glass-plate cages. Many 
nymphs of different species have been observed during the first few 
hours of nymphal life and the actions are so characteristic, so alike 
in all essentials, that it seems safe to give a generalised description 
which may be applied to all. Occasionally the first crevice entered 
does not please the newcomer, and it returns to the surface and 
crawls about until it finds another. Within a few seconds, however, 
it has disappeared. The only exception to this rule is found when 
nymphs have been exposed to excessive moisture. If they have 
fallen into the water when hatched, or, if the soil is saturated with 
water, they remain above ground until a normal moisture content is 
reached. * 

UirorasaotTWO. Underground the nymph is an explorer whose 
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only compass is an instinct to go down. It wends its way through 
numerous openings, over rbots, through narrow passages, feeling 
Over with the long antenna. Occasionally it stops to remove a load 
or two of dirt from a narrow place, always being careful to place 
what it has removed in some other part of the passage. In a short 
time it finds a plausible site for a home and begins work in earnest. 
Using its highly modified front legs as pick and shovel, it is well 
fitted for the task. Tiny particles of dirt are picked from the side 
of the tunnel and either pressed against the postclypeus or in a ball 
between the front legs until a load has been amassed. This load is 
a ball with a diameter about the same as the head of the nymph. It 
may carry this dirt stuck fast to the cephaloventral side of its 
body with or without the support of one front leg, or between its 
two front legs. It is usually carried to a distant part of the proposed 
cell where it is forced against the wall and smoothed out with re- 
peated clawing motions. At first it crawls on all three pairs of legs, 
with them in a normal position, but, once in the semblance of a cell, 
the second pair of legs are used over the back. It works usually 
in a tunnel small enough that all sides of it may be reached with 
its legs, yet large enough for it to turn over. A cicada nymph never 
turns around, it turns over. Hence, when it has its load of dirt, 
it backs back a step or more, if necessary, to reach a larger place, 
and, describing a partial somersault, crawls away in the other direc- 
tion. After depositing the dirt it repeats the process to return to 
the other end of the cell. The cicada’s idea of a home is a cell, cy- 
lindrical, smooth-sided, tightly finished. Within a short time it has 
one completed. Then, and not till then, does it appear to think of 
food. 

A nymph will run over roots and pay no attention to them until 
it has constructed its cell; but it will complete a perfect cell in mud 
in a pan which has no roots in it. If a root happens to be near the 
cell, it is soon happily feeding. Numbers of nymphs have been ob- 
served feeding in the morning after having been placed in a cage 
late the evening before. However, if food is not available, it begins 
a search for it. This is the most laborious process imaginable. It 
keeps the pell complete always, moving slowly downward by remov- 
ing the dirt from the bottom end of the cell and placing it carefully 
at the other end. This is continued until food is found or death 
overtakes the individual. 

This instinct of observing such extreme cafe to keep the cell in 
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perfect condition may not seem strange when one considers the de- 
pendence of the nymph on the prevention equally of desiccation 
and flooding. Not only will a nymph drown in a short time in 
water, but a newly emerged one is so light and so frail that it is 
unable to free itself from even a little excess moisture. After it is 
established, hard rains or even temporary flooding of the ground 
above may do no injury, but a light shower before the cell is con- 
structed is disastrous. Again, when one considers that it is utterly 
defenseless if attacked by enemies, one must admit there is really 
a need for the care. The pincerlike claws are effective weapons 
when they strike their mark, but the blindness, slow movement, 
and lack of biting mouth parts seem to have been sufficient handi- 
caps to the cicada in battle, so that its first reaction is nonresistance 
rather than pugnacity. Safety seems to lie in not being found. 
Judging from the pitifully few nymphs which develop after the 
hatching of hundreds of eggs, one feels that the precautions are none 
too great. This exceedingly high mortality is probably due largely 
to predacious enemies. Ants, no longer than the nymphs themselves, 
have been observed carrying away the helpless cicada, and cages 
in which nymphs have been placed have been found worked into 
fine particles by ants and other predacious animals. In such cases 
the most diligent search reveals not a single living nymph. 

When searching for food the cicada feels constantly with its 
antennae, and, when a root is encountered, claws at it with the front 
feet. The beak is inserted with some difficulty, the nymph ap- 
parently pushing against the opposite sides of the ceil with the two 
hind pairs of legs. During feeding, the front claws remain idle, 
not touching the root. The body is usually nearly parallel to 
the root, though cases have been observed where the head was 
bent backward. When the nymph emerges from the egg the beak 
is straight and is carried close against the ventral side of the 
body. The above-mentioned cases of the head being held at an 
angle may possibly have been where the nymph was feeding for 
the first time and had not yet bent the beak, for in all his later life 
the nymph carries his beak bent between the front legs almost at 
a right angle to the body. 

First Instar. The length of the first instar apparentlj varies 
with the spefies. According to Marlatt, the seventeen-year cicada 
molts into the second instar in the second year, making the first stage 
perhaps eighteen months. Tibicen vitripenrm (Say), in the lab- 
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oratory, molted the first time in six weeks.' It seems probable that 
the length of the first instar may foreshadow to some extent the 
total life history of the species, although the data are, as yet, too 
meager to warrant definite conclusions. 

The baby nymphs of most species are white in color, although some 
are pink. As to why some should be pink, no answer is apparent. 
The three species observed which have pink nymphs all hatch the 
same summer as the eggs are laid, but two other species, with 
similar habits, have white nymphs. It cannot be due to live or dead 
tissue in which the eggs are laid, because one species with pink 
nymphs oviposits in dead tissue while the other two use green. It 
is also interesting to note that the live tissue of one of the latter 
withers upon oviposition, while the other does not. This pink color 
appears to persist throughout the first instar, but is lost in the second. 

The general shape of the body of the first-instar nymphs is more 
nearly cylindrical than in the next three instars. The head and pro- 
notum are large and closely joined. The antennae are over one-third 
the length of the entire body and about as large around as either of 
the back pairs of legs The segments of the antennae vary in num- 
ber in different species and sometimes apparently within the species. 
The beak is nearly as large as the front femur in diameter and al- 
most a third as long as the entire nymph. The eyes are represented 
by granules of highly colored pigment showing through the epi- 
thelium. 

The legs are long and strongly built, with the front pair remark- 
ably modified for digging. The tarsi are two-jointed, with two long 
tarsal claws, usually of unequal length. The apex of the middle and 
hind tibiae is set with a number of strong, nonsetse-bearing spines. 
The apex of the front tibiae is modified into a beaklike projection 
with or \\ ithout teeth on its cutting margin. The front femur on 
the ventral side is armed with a short, sharp, median spine, and a 
much larger, often more or less bifid, basal, beaklike tooth. It is 
these adaptations of the front femur and tibia which so admirably 
fit these in«ects for their underground life. The whole insect is 
sparsely covered with hairs and spines of varying lengths and sizes. 
Just before molting into the second instar the abdomen' becomes 
distended, thus changing the general appearance of the nymph. 
In molting the skin splits in exactly the same way as in the fifth 
instar when the adult emerges. 

Second Instab. The second-instar nymphs are quite noticeably 
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less active than the first. They are practically helpless when out of 
their cells. In color they are creamy white shaded somewhat with 
brown on the anterior half and the cutting parts of the front legs. 
The eyes, mere swellings on the side of the head, are always of the 
same color as the body, with the posterior half sparsely set with stiff 
hairs. The size of this instar varies considerably among the species, 
and some even within the species. The nymph now loses the cylin- 
drical form which it presented in the first instar. The abdomen 
is much larger, tapering caudad and constricted anteriorly to meet 
the smaller thoracic segments. It also curls ventrally, more in some 
species than in others. This irregular form continues until the fifth 
instar, when the nymph again becomes nearly straight sided, due to 
the broadening of the thoracic segments. 

The tarsal claws in many species lose all semblance of claws, be- 
coming chitinous stubs, the anterior one usually very much shorter 
than the other. The large spines at the apex of the middle and hind 
tibiffi have large set® projecting from their inner margin near the tip. 
The tarsus of the front leg has almost entirely disappeared. It is 
represented by a short, triangular-shaped segment so closely ap- 
pressed to the anterior side of the tibia as to be practically in- 
distinguishable. The whole tibia becomes more beaklike, and 
otherwise adapted for cutting and digging. The femur is further 
modified by the addition of a flat chitinous disc placed anterior to 
the median tooth. This has been called “the comb” by Marlatt. It 
is a flat, wedge-shaped piece with a varying number of teeth on its 
outer margin and is used in helping to shear the dirt from the sides 
of the cell. (PI. XXXVIII, Fig. 8 [<?].) 

Unlike the first instar these nymphs show a decided reaction to 
disturbance. When they are rolled out on a heap of soil in the proc- 
ess of collecting them, it is some time before they will begin to move 
their legs in an effort to right themselves. This tendency to “play 
possum” is no doubt a protective measure. Frequently when a cell 
is broken into the inmate draws back from the opening and assumes 
a statuelike attitude, or perhaps first retreats to the depth of his cell 
and becomes quiet. In contrast to this is the pugnacious behavior 
encountered often when one opens a cell. Whether this difference 
in behavior is due to a difference in the nature of the disturbance ’'as 
observed by the nymph or to a difference in temperament of the in- 
dividual, it is impossible to say. Whatever the explanation, it has 
been observed that in a great many cases where a, cell is opened 
without the nymph being ejected it rears up to the hole with both 
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front claws raised for an attack. This attitude is not all bluff, as 
evidenced by the fact that it will grasp a stick or tweezers viciously 
if it comes in reach. Bo tenacious is it that it may often be lifted 
clear of its cell in this manner. No difference has been noted in the 
pugnacity of the different species studied, but nymphs which have 
been starved will generally show fight if disturbed. 

The individuals of this stadium are very difficult to find in the 
field because of their small size and the fact that their cells are so 
small they do not break open in the tearing apart of the soil. 

Thibd Instab. The third instar closely resembles the second. 
There is a substantial increase in size; the wing pads are noticeable; 
the comb on the front femur becomes larger, with usually an in- 
crease in the number of teeth, and the antennal segments may in- 
crease in number. The length of the stadium varies with the species. 

Foubth Instab. The fourth instar is almost an exact replica of 
the third, save an increase in size. Sometimes faint fuscous mark- 
ings appear on the borders of the sclerites. There may be an in- 
crease in antennal segments; the wing pads are distinct, and there is 
an increase in size of the comb on the front femur, with an addition 
of teeth. The length of the stadium varies with the species. 

Fifth Instab. When the fifth-instar nymph draws itself out of 
the exuvium which has encased it, the head and thorax broaden 
markedly, becoming wider than the abdomen, which is now some- 
what diminished. Throughout this stadium the abdomen never be- 
' comes as distended as in the three earlier stages. The body of the 
nymph thus retains more of a rectangular shape, with the sides of 
head, thorax and abdomen nearly parallel. 

The nymphs of some species are also strikingly colored with fus- 
cous. Wide borders appear on the dorsal abdominal sclerites, the 
pronotum, and the wing pads. The segments of the antennse and 
legs, also, often have conspicuous dark markings. In some species 
the entire nymph becomes a light brown marked by a darker color, 
in others the body remains practically white but strikingly marked 
with dark, while in still others very little color appears. 

The changes in the appendages are quite radical. The number 
of antennal segments may increase and some of the segments may 
change shape. The tarsi all become two-segmented. Those of the 
front legs are normal in size, but are bent backward on the inside of 
the tibia, thus being out of the way of the insect’s digging activities. 
The tarsi of all legs have two well-developed tarsal claws, one usu- 
ally slightly shorter than the other. The comb of the front femur 
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becomes larger, and has additional teeth on its outer margin. The 
setae-bearing spines of the middle and hind tibiae usually increase 
ih number. The genus Proama is the only exception. This char- 
acteristic would seem to be of some generic value. The genus Tibi- 
cen changes from three in the second, third and fourth to five in 
the fifth, Melampsalta from two or three, and Proama does not 
change at all. 

The eyes in this instar are much larger and look more like eyes, 
although the posterior half is still covered with sparsely set hairs. 
The wing pads are long and show signs of tracheae through the walls. 
Some little time before emergence the outline of the tarsal claws, 
spines, etc., of the adult may be seen through the nymphal skin. 
The eyes also change color in all the species noted. This fact is of 
great help in picking specimens which one knows will emerge in 
the next few weeks. i 

The fifth instar nymphs are decidedly more active when removed 
from their cells than any other since the first. The others can 
scarcely crawl on a flat surface, but tumble about awkwardly. 
This change is probably due to the better proportioned body. It is. 
of course, necessary, since the nymph must emerge from the soil 
and find a convenient perch for transformation. 

Enemies. Perhaps the most conspicuous of the cicada enemies 
are the birds. Particularly noticeable is their ravage early in the 
season. Often within an evening the song of half a dozen males will 
end in the characteristic muffled squawk of the captive cicada, and 
an interested observer may see the bird flying away with its prey. 
Marlatt records the complete annihilation by birds of a brood of 
seventeen-year cicadas which had been artificially transplanted to a 
new locality and had emerged in great numbers. 

Perhaps equally destructive, if a little less easily seen, are the 
large digger wasps, Sphecivs speciosus Dru., or cicada killers. A 
comprehensive and detailed account of the habits and life history of 
this wasp has been given in Marlatt’s paper. Cicadas appear to be 
aware of these enemies but rarely. Usually the wasp seizes it from 
behind, and together they fall to the ground where the cicada is 
stung until it is quiet. The cicada is utterly helpless when over- 
taken, but individuals have been observed to fly away when a wasp 
approached, and thus escape capture. 

While birds and cicada killers are frequently observed taking the 
large A tree-loving species, the smaller cicadas have still other enemies. 
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Large robber-flies (Asilidas) have been observed carrying away 
Cicada hieroglyphica Say, Tibicen aurijera (Say), Melampsalta 
calliope (Walk.) and Proama venosa (Uhl.). These have also been 
found in the jaws of large spiders or securely fastened in their webs. 

The adult cicada has still another type of enemy. Two different 
species of Sarcophagidse (flesh flies) have been bred from the bodies 
of cicadas, and there are doubtless others which use them as hosts 
when opportunity offers. It is not an uncommon sight when collect- 
ing cicadas, especially of the prairie-loving forms, to see one or two 
flies follow a cicada when it takes wing. This is easily seen if the 
cicada happens to fly in just the right direction in regard to the sky 
line. The flies follow but a few inches away, and sometimes seem 
almost to alight on the body of the cicada. 

In the egg stage clever little parasitic Hymenoptera cause great 
havoc in certain species. In some cases fully fifty per cent of 
Tibicen aurijera (Say) nests collected have been found to be 
parasitized, and a single grub normally consumes an entire nest of 
eggs. Similar parasites have also been reared from nests of Mel- 
ampsalta calliope (Walk.) and Tibicen marginahs (Walk.), al- 
though so high a per cent of parasitism has not been observed in 
nests of these species. Grubs have been found in the nests of 
Tibicen dealbata (Davis) also, but the adults have not yet been 
obtained. Other writers have described and illustrated numerous 
species of mites which are also parasitic on the eggs of cicadas. No 
attempt has been made in the present work to study this group, but 
numbers have been observed in and about the nests of various 
species, and eggs have been noted which have the appearance of 
having been sucked dry by them. 

From the time the tiny nymph crawls from the postnatal skin 
until it bursts its fifth instar skin and emerges as an adult, it is 
prized as food by various predacious animals. Ants have been 
observed on the twig bearing nests waiting to devour the nymphs 
as they hatch. In the soil, dismembered bits of small cicadas 
have been tound in their jaws and scattered remains have been ob- 
served along their runs. No actual evidence has been, obtained, 
but circumstances and the habits of the groups would suggest that 
chilopods and other forms of similar habits, doubtless play no small 
part in the control of cicadas. 

Marlatt writes interestingly of the habits .of hogs rooting up the 
ground where seventeen-year cicadas are about to emerge and feast- 
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ing on the nymphs, and of dogs and chickens and other domestic ani- 
mals eating large numbers of the emerging ones* During excavations 
for seventeen-year cicadas, attention has been attracted frequently 
in this work to mole runs along the under side of roots near the sur- 
face of the ground. Where one is encountered it invariably runs 
the length of the root and never has a nymph been found under these 
roots, although they may be found in numbers only a few inches 
away. 

MORPHOLOGY. 

No attempt has been made to treat the morphology of the cicadas 
in an exhaustive manner. Drawings of the external parts of the 
adult, which are self-explanatory, have been made of MelampscUta 
calliope (Walk.). (Pis. XXXV and XXXVI.) A series of draw^ 
ings of the external development of the genitalia of the sexes in so 
far as it could be followed is also included. (PI. XXXVII.) At- 
tention is called to PI. XXXVII, Fig. 8, in which the oedagus hooks 
show through the body wall in the tenth sternite. This can be seen 
only in individuals with red eyes. No trace of the internal genitalia 
could be found in the fifth-stage individuals with normal eyes. 

Melampsalta calliope (Walk.). 

Because more data have been obtained on its habits and life history than on 
those of any other species, Melampsalta calliope (Walk.) is here considered 
first. Both adults and nymphs have been collected in greater numbers, and 
rearing experiments have been more complete in this than in other species. 

This is one of the smallest of Kansas cicadas, measuring 12 to 15 mm. in 
length. In color it ranges from green to brown with an occasional pink speci- 
men. The color seems to vary somewhat with the locality, those taken in 
Scott county being uniformly green, while those of other localities are usually 
light brown. 

Distribution in the State. This species occurs in every county in the 
state. Wherever prairie meadows are found, there one finds Melampsalta . 
There are, however, three localities which deserve special mention. The first 
of these is on the ranch of Mr. Herbert Steele, located in the Beaver Creek 
valley 14 miles north of Scott City, Kan. The particular location is a small, 
flat-bottomed draw perhaps 75 yards long and 50 yards wide, a short distance 
east of Mr. Steele’s house and extending back from the creek itself. (PI. 
XXIX, Fig. 1.) Although this depression is scarcely five feet below the sur- 
rounding land, the vegetation is very much heavier. It was here, in .Tunfc, 
1025, the adults were found ovipositing in goodly numbers. Upon examination 
of the soil, it was found to be fairly teeming with nymphs of all stages, as 
many as fifteen having been found in one spadeful of sod. (PI. XXIX, Fig. 2.) 
Of the hundreds dug here but two or three proved to be of another species, al- 
though" four other species were collected in the valley at this time* It was from 
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this location, about #00 miles by automobile from the laboratory, that most 
of the data cm transporting nymphs alive were obtained. 

The second location is a wild-grass meadow about 11 miles west of Lawrence 
on the road to Topeka, Kan. (PI. XXVIII, Fig. 2.) The adults were observed 
ovipositing here, but no digging was done, as it was very stony soil and the 
meadow was mow land. This was a convenient place, however, to procure 
adults for cage experiments. 

The third locality is a draw in the hills about one and a half miles south- 
west of Belvidere, Kan. It is noted for the adults collected there in 1923, when 
it was possible to capture 25 or 30 adults in a few strokes of the net. A visit 
to this same locality in 1925 failed, however, to reveal the nymphs one would 
naturally have expected to find. The adults had been many times thicker 
than in the locality in Scott county, where one could get but one or two speci- 
mens in twenty strokes of the net. This seeming high mortality may be 
accounted for by fires which destroy the eggs before hatching, or floods which 
bury and thus kill the vegetation of these flat valley-floor habitats. 

Habitat. This species is decidedly a lover of meadow land. It is prac- 
tically never associated with trees. An unkempt roadside, small valleys among 
rocky hills, or any other land growing wild perennial grasses and weeds, un- 
mowed and rarely burned over, makes an ideal habitat. Here both sexes find 
food in abundance and the females plenty of pithy stemmed weeds for ovi- 
position, while the nymphs pass the long underground life feeding on the roots 
of the plants. (PI. XXVIII, Fig. 2 ) 

Bshavior. This is not what one would term a wild species, although during 
the heat of the day they take flight readily. The females are very tame while 
ovipositing, paying little attention to anything else. The stems upon which 
they are working may be carefully cut off and the specimens moved about 
at will for observation and photography without disturbing them in the least. 
* The best method to locate the adults when entering a new locality is by 
sweeping the vegetation with a net, as the specimens are small and colored 
very much the same as the plants upon which they live. Unlike most other 
cicadas the males do not sing loud enough to be heard for more than a few 
feet. It is possible when one becomes familiar with this species to walk 
through a likely place watching the hordes of insects fleeing ahead and to 
pick out the cicadas and often notice where they alight. This is usually 
not far away unless a strong wmd is blowing. Walking toward the wind will 
often help, as the individuals will not fly so far against the wind as with it. 
When this method is being used, walking in a certain direction with regard 
to the light will also be found advantageous. 

Embbgbncb. The emergence in the field begins the latter part of May and 
is well over by the first of July. They come out at night, as do other cicadas. 
The emergence hole is somewhat irregular, and only in rare cases does it show a 
tendency toward a cone (such as is made in some cases by the seventeen-year 
cicada). This is never raised more than a bare fraction of an inch above the 
level of the ground. 

In cages the first emergence took place on June 11 and the last on July 2. 
Here, also, there was a tendency to raise the edges $f the emergence chamber 
above the level of the surrounding soil in a few cases. The tunnel was con- 
structed to within a fraction of an inch of the surface of the ground several 
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days before emergence in all cases observed, but no period of rest or fasting 
was detected. The nymphs seem to be active up to the time of emergence. 
One placed well toward the bottom of a small glass cage built a nice cell to 
the surface and emerged within ten days after being transplanted. This 
nymph was observed feeding on roots near the bottom of the cage the 'day be- 
fore it came out. 

A short time before emergence the eyes turn bright red, thus marking 
plainly those nymphs which are soon to appear as adults. In several instances 
after the eyes had turned red they again resumed a white color, and in a few 
days the nymph died. The most careful observations failed to reveal the cause 
of this relatively high mortality just before emergence time. In many cases 
the cell would have been completed to within a fraction of an inch of the top 
of the ground. Individuals have died in cages from which another nymph 
either had emerged, or did a few days later. Death could scarcely have been 
due to attack by external enemies, for it was foreshadowed by the loss of pig- 
ment in the eyes for some days before the individual succumbed. In fact, 
these individuals have been observed to be normally active and often belliger- 
ent when disturbed, Injury from transplanting woulcj probably have been 
suspected, were it not for the fact that so large a number of empty shells had 
been found in cells near the surface, while digging for nymphs in the field, that 
it was considered that possibly these large forms had molted once in the cell. 
Rearing experiments show these must be the remains of nymphs which have 
died very much as the ones in captivity died. If red-eyed individuals are pre- 
served the tarsal, claws, spines, etc., may be seen through the nymphal skm 
Thus we have another mark of approaching maturity. 

Feeding. The adults in captivity feed within twenty-four hours after emerg- 
ing. They feed frequently at all times of day. They have been observed on so 
many different hosts that it has been considered they will use almost any 
living plant in their locality. In captivity they have been seen feeding on 
oak and asparagus — two plants not m their regular habitat. 

Mating. The mating of this species w f as not observed in the field. One 
female emerging from a cage mated with a male brought in from the field the 
next day and deposited eggs that same day. While this pair was in copula 
another male in the cage crawled to within An inch of them and sang per- 
sistently. 

Oveposition . Many females have been observed ovipositing in the field. 
As has been stated above, they are less wary than most species, and may 
often be carried about by removing the stem upon which they are working. 
They will oviposit in almost any green plant but will make a far greater 
series of nests in some of the perennial weeds with pithy stems. (PI. XXX, 
Fig. 1.) 

The mechanics of oviposition is the same as that already described. There 
appears to be no secretion either at the beginning of the nest or at the ending. 
Neither does the female attempt to replace the shredded tissues of the hdst 
plant when the nest is completed. This species oviposits freely in captivity. 
Numerous neats have been placed both in sweet clover and asparagus. As 
has already been stated, a female which emerged in captivity mated and laid 
eggs the next day. 
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Nbsts. The nests are regularly placed in one row up and down the stem. 
(PI. XXXII, Fig. 2.) More than one row is sometimes found, but this is prob- 
ably due to different females having used the same stem. The number of nests 
in a series may vary from one to thirty according to the nature of the host, 
whether it is hard or soft, to the condition of the female, and to whether she 
is disturbed. The nests give the stems a roughened appearance, and when 
they are closely placed weaken the stem, but they do not kill it. The eggs 
in a nest vary in number, from three in hard steins like the compass plant 
( Silphium laciniatum ) to twenty in the pithy stems of sweet clover. The 
arrangement of eggs in the nest varies also with the kind of material of 
the host. Often this species arranges its eggs in a vertical fan (PI. XXXVIII, 
Fig. 4) instead of in the regular way (PI. XXXI, Fig. 3). 

Length of Life. In the field no data have been obtained as to the length 
of life of the adult. In cages they have been kept for about ten days. Since 
the female that emerged in captivity mated and laid eggs the next day, it is 
reasonable to assume they do not live a great while even under the most 
favorable conditions. 

Enemies. The adult cicadas of this species fall easy victim to a great 
many predacious enemies. The dipterous family of robber flies, Asilidse, 
ifj perhaps the arch enemy, as a great many large species of this group are 
very common throughout the habitat of Mehmpsalta. The cicada flies so 
slow'lv that it is easy prey for these haw’ks of the insect trorld. 

A great many specimens, too, have been taken from spider webs where they 
have become entangled and then wound up with silken thread. Not un- 
commonly specimens have been seen in the jaws of certain of our large spiders, 
no web having been used in the capture. 

Aside from the predacious enemies, Melampsalla calliope (Walk.) encoun- 
ters numerous vicissitudes such as haymaking, fire and floods. Such conditions 
probably play the biggest role of all in excluding the species from many locali- 
ties. Eggs laid in a wild hay meadow are very often destroyed by the mowing 
of the meadow before hutching time. 

Fire is another big hazard which this specie* must run. An accidental fire 
in the meadow' lands where M clampaalta ha* oviposited obliterates entirely 
the year’s brood in that locality. 

Floods are also a very real menace to broods in certain lowlands. Flat- 
bottomed draws surrounded by prairie-covered hills often furnish tht habitat 
desired by this species. In times of freshets great amounts of soil are carried 
down and deposited in thpse locations, often entirely covering and thus killing 
the vegetation. This, of course, destroys any eggs which are in the present 
growth and starves the nymphs of other broods which are feeding on the 
roots. 

Eggs. The eggs of Melarupsalta calliope (Walk.) differ from the other 
species of cicadas in appearance only as to size. They are 1.7 mm. in length 
and 0.31 mm. in width. When laid they are white in color, changing to pink 
before hatching. 

Maturation. The egg stage is about two months. Before hatching red 
eyespots appear and later the entire egg becomes*pink. Female cicadas were 
observed ovipositing during June, and the eggs hatched in August. 
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Hatching The hatching of the eggs takes place in August of the mmm** 
they are laid. It probably continues about a month. This was difficult to ascer- 
tain because the eggs shrivel with the withering of the host, so that rt was im- 
possible to bring quantities of stems into the laboratory for observation. 
The eggs do not seem to hatch as completely as those of some of the other 
species Usually a few eggs in each nest appear shriveled. Probably the 
fact that they do not place a secretion in -their nests after opposition, but leave 
the eggs dependent upon the condition of the host, accounts for this loss 
The first nests of eggs found m June, 1925, were collected, packed in boxes 
and mailed to the laboratory Examination a few days later revealed that 
the eggs were shriveling The next attempt to secure the hatching of eggs 
was made August 14, 1925, when stems containing eggs were again mailed 
to the laboratory These eggs showed red eyespots plainly, were pink in 
color, and the tarsal claws of the embryo could be seen through the eggshell 
They reached the laboratory August 15 The foliage of the plants had not 
yet withered and the eggs seemed in perfect condition A few eggs were 
hatching when they arrived, and they continued to hatch m the laboratory 
throughout the 15th and 16th The hatch was regular in every way, appearing 
identical with all other species observed For twenty-four hours these stems 
were kept m a closely covered jar to prevent withering of the hosts The 
evening of August 16 the laboratory assistant was called out of town and the 
stems were placed in the open over a pot of perennial grass Hence, no data 
were obtained as to how long egg*, would, have continued hatching m these 
cut stems if they could have been kept in humid conditions Examination of 
the nests two weeks later showed that a large per cent of the eggs had 
shnveled instead of hatching An attempt to find the tmy nymphs was made 
early m the spring of 1928 with no success, and fear was entertained that 
none of them had succeeded m finding food However another examination 
March 27, 1927, re\ealed four nymphs — three were third-mstar nymphs and 
the fourth was still a second-mstar nymph 

In the summer of 1936 numerous nests of eggs were obtained m plants in 
the outdoor insectary from adults m captivity Since it was again necessary 
for the caretaker to be away during the time of hatching, large glass-aided 
cages were buried near these host plants in the hope of catching the tiny 
nymphs in them when they emerged Time must be allowed before the 
success of these attempts can be determined because of the difficulty of finding 
first- or second-mstar nymphs in large quantities of soil 

A number of newly laid eggs were removed from nests and placed on 
moist cellucotton m a vial These eggs appeared to remain m good condition, 
but maturation was not completed This stage of Melampsalta calliope 
(Walk ) is more difficult to study than of any other spedes observed because 
of the extreme susceptibility of the eggs to the condition of the host. 

Parasites A number of chalcid parasites belonging to the genus 8yn~ 
tomaspis were bred from nest* made m sweet-clover stems. These have been 
identified by A, B. Oahan as the same genus and species as previously bred 
from the eggs of tfrusen aunfera (Say) (Ann Ent. Soc. of America, vol. 
XVIII, 1925, «$*.) 
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HTKPHS. 

Fbom thb J te Seveml hundred nymphs of M damped t a calliope (Walk*) 
have bean taken In the field. The greater part of these came from the locality 
in Scott county, Kansas. (PL XXIX, Fig. 1.) Interest in this locality was 
first aroused by the taking of adults of the species while sweeping in this glen. 
Although not many were taken in each series of sweepings, the adults were 
soon observed flying away as the collector walked through the weeds. Care- 
ful examination of the herbage soon disclosed large series of nests in many 
of the weeds. Attention was then directed to scanning the weeds carefully for 
a female in the act of ovipositing. In a few minutes one was located, and 
the process observed first with the naked eye and later with a small hand lens. 
When attention was directed to the hunting of this one insect, it was not dif- 
ficult to find, and several were observed ovipositing and feeding on as many 
different types of wild plants. So gentle were they that observations and 
photographs were made with ease in the open. Since an hour or so of work 
had been awarded by success in obtaining data on feeding habits and oviposition 
of Melampsalta, calliope (Walk.) it was decided to try digging for nymphs. 

A site was chosen near a plant with old oviposition marks on it. These 
were in dead stems which had remained standing, while new nests were always 
in green tissue. Almost the first spadeful of dirt yielded nymphs, and as many 
as fifteen individuals have been found in one spade of sod. (PL XXIX, 
Fig. 2.) 

Usually the cell of Melampsalta callwpe (Walk.) is not over an inch long 
where food is plentiful, although, if the plant on which a nymph has been 
feeding has died, the cells may become burrows extending many inches. In 
either case it is usually a simple matter to find the occupant if a cell is dis- 
covered, and Ubing care thus first to locate the cells greatly reduces the danger 
of injuring the nymphs. The following notes taken in the field on this first 
.trip may be of interest: 

“In digging for nymphs we soon came to recognise their burrows. The cells 
that contain the nymphs are usually only an inch or so long. One end is of 
the normal soil, while the other is stopped by some dirt cuttings which look 
much like fish-worm droppings. They occur mostly from six to ten inches 
beneath the surface. Only the largest specimens are found near the surface. 
These have large wmg pads and doubtless would have emerged in a few days. 
One with large wing pads was down about eight inches, but it is different in 
coloring from those found near the top of the ground. We could arrive at no 
further conclusions as to age of the nymphs by the depth at which they oc- 
curred because all sizes were found at all depths. More nymphs are found 
where vegetation is thick. We could not tell which kind of vegetation they 
preferred. There was seemingly no difference or preference. A good many 
molted skins were found near the surface of the ground, which seems to 
demonstrate that the little fellow molts once after it has large wing pads." 

From the first collection of nymphs made in June, 1925, about fifty speci- 
mens of all sizes were preserved in alcohol and as many more were packed in 
loose earth and mailed to the laboratory. When they arrived, two days later, 
just five specimens were uninjured. These all happened to be of the fifth 
stadium. Two of these were placed in a small glass-sided cage perhaps one- 
half inch thick with newly transplanted erab grass (Digitaria aanguindu) 
as the host. Usually newly transplanted hosts make poor food for nymphs, 
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but bo quickly does crab grass recover from being moved that these nymphs 
seemed to thrive from the first. They began working on their cells almost 
immediately when placed in the cages. These were soon completed one-half 
inch in diameter and two and a half to three inches in length, with the long 
axis in a vertical direction. Often the glass was allowed to form a part of the 
cell for weeks at a time. The extent of the cell could be seen readily in this 
small cage by the difference in appearance where the dirt had been pressed 
firmly against the glass in making it. 

The other three nymphs, received uninjured in this lot, were transferred 
to a pot of native grass. This pot did not have sufficient drainage and a heavy 
rain drowned the nymphs. 

A second attempt to transport Melampsalta calliope (Walk.) nymphs from 
Scott county was made in August, 1925. This time they were packed in roots 
and leaves. They were mailed as soon as dug and reached the laboratory the 
next day. Within twenty-four hours after leaving their cells in the field they 
were digging new homes in the laboratory. Nineteen individuals of this lot 
arrived uninjured. Most of these had formed cells in the dirt about them 
and were in good condition. Specimens which had been injured were preserved 
for laboratory use. Of those put in live cages, several w^re lost by experiment- 
ing with them in cages of wheat. However, some interesting observation* were 
made on habits of digging and feeding in the cages of grasses. August 30, 1925, 
a third-instar nymph was observed digging its cell. It cut the dirt loose with 
the front claws, packed it on the postclypeus until it had a ball about as large 
in diameter as its head, then holding it in place with one front claw, it backed 
to a wider place in its cell and turned over ventrally, describing a partial 
somersault. By means of its two hind pair of legs — one pair up and one 
down — it crawled off m the opposite direction. This placed the ventral side up 
where it had been down before, but the njrnph paid no attention whatever to 
this, crawling as easily one way as another. When it, reached the opposite end 
of its cell it deposited the ball of mud and smoothed it down with its front 
claws. This. was repeated over and over, the action being the same in every 
detail. 

September 2, 1925, a cage was examined which contained a small fourth- 
instar nymph. The grass was dead. The nymph had burrowed from end to end 
of the cage in its search lor food, and was trying vainly to go deeper m a lower 
comer. Another cage, in which the grass was dead, contained a fifth-instar 
nymph. When the glass was removed in order to transplant new gra*s the 
nymph behaved much as a human might during a violent earthquake. It 
crawled rapidly to the top of its tunnel, then hastened down halfway, stuck 
its head and front claws out of the opening in the cell and appeared to be try- 
ing to detect in some way what had caused the disturbance, and to show fight 
if it encountered anything. So threatening was its attitude that a stem of 
grass was held close to it in the opening. It grasped the stem firmly, appar- 
ently trying to mangle it. Its alarm was very real, When the transfer was 
complete and the cage closed, it immediately settled back in its cell and re- 
sumed normal activity. 

On September 16, 1925, a fifth-instar nymph was observed feeding. It was 
so located that its beak could be seen plainly without removing the glass. It 
happened to be standing with head downward and remained in this position 
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feeding for forty-five minutes, holding very still. The front daws were sus- 
pended in the air, not grasping the root on which it was feeding. 

A laboratory study of preserved material divided the nymphs into eight 
apparent sizes. Since it was impossible to prove what constituted a year’s 
growth, or even to be sure what range of variation should be termed an instar, 
a series of experiments were planned to settle these points by rearing nymphs. 
A trip was made to Scott county, Kansas, in November, 1925, to obtain live 
material. This material was transported in layers of mud and live cages as 
described under technique of transporting live nymphs, page 162. There were 
no fatalities in transit. One hundred twenty-nine nymphs of the last four in- 
stars were collected. Eighty-nine of these were placed in a large pot of Panicum 
mrgatum to insure future material. When the large pot was inverted on a 
table the contents remained intact, revealing almost a solid mass of roots, large 
and small, on the outside of the lump of dirt. (PI. XXXIII, Fig. 3.) The 
nymphs were inserted in small holes made between the roots in the dirt and 
each cell capped with a flattened bit of mud. These nymphs were placed all 
around the pot and at varying depths, from three inches down to within an 
inch of the bottom. They were as follows: Size No. 8, 20 individuals; size No. 
7, 25 individuals; size No. 6, 10 individuals; size No. 5, 20 individuals; size 
No. 4. 12 individuals. The sod was then replaced in the pot and left in the 
warm laboratory for 48 hours. 

The remaining 42 nymphs were sorted according to apparent size, placed in 
cages, and records made of them. Only nymphs judged to be the same age 
were placed together. Usually not more than two fifth-instar nymphs were 
caged together, but as many as five or six of the small ones were put in the 
same cage. The host was orchard grass and had been growing for a month. 
The nymphs were kept in the laboratory for 48 hours. When examination 
showed that they had formed cells, they were buried in the open with the 
tops of cages even with surface of the ground and thinly covered with dead 
leaves.. 

These cages were unmolested until May 9, 1926, when they were taken into 
the laboratory for examination. A few nymphs were found dead where they 
had been planted; these were undoubtedly injured in collecting. A few others 
appeared to have died recently. In one cage the grass had died and the 
nymphs had starved to death. The soil was alive with other tiny animals, 
springtails, mites, fishworms, ants, sowbugs, etc. There was no evidence, how- 
ever, that the cicadas had suffered from any of them. About 30 of the 42 
original nymphs were found in the cages in apparently good condition. 

June 1, 1926, while a search was being made m another locality for nymphs 
of another species, three fifth-instar nymphs of Melampscclta calliope (Walk.) 
were found. These presented one striking difference to those last observed 
in the cages. They all had bright red eyes. This suggested the possibility that 
time of emergence is foreshadowed by a change of color of the eyes of the 
nymphs. Accordingly, the cages of Melampmlta calliope (Walk.) were again 
examined. Not only did the nymphs called No. 8 have red eyes, but the eyes 
of all of those called No. 7 likewise had changed color. This indicated that 
all of the nymphs with large wing pads were the same age and would emerge 
during the summer. Consequently all cages containing these nymphs were 
covered with screen wire to prevent the escape of emerging nymphs. Most of 
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these individuals had completed cells very close to the surface of the soil, but 
in no case did they appear to be resting or fasting. 

July 16, 1926, two weeks after the last adult had emerged in captivity, two 
of the nymphs labeled Nos. 5 and 6 were found transformed to last-instar 
nymphs. When specimens are examined in midwinter and have been molted 
for a considerable time it appears impossible that these fourth-instar nymphs 
could become fifth instars with a single molt, but when they are observed 
just before and after molting the change seems simple. Before molting the 
abdomen becomes very much distended. Immediately after molting the new 
fifth-instar nymph is noticeably smaller than other specimens which have been 
in this stage for some months. The abdomen is slightly distended toward the 
center and all color markings are very delicate, some of the lighter parts ap- 
pearing almost transparent. The cast skins of these two nymphs were found, 
one at the top of a vertical burrow about one and a half inches long and one 
at one end of a horizontal burrow about one inch in length. Neither of these 
skins gave any evidence of having been attached to the walls of the cell 
before being shed. Another nymph, which was carefully observed in the eve- 
ning of July 16, molted during the night and was again observed on the morn- 
ing of July 17. At both times the nymph appeared active and normal in every 
way. 

A careful examination of all cages containing smaller nymphs failed to re- 
veal a single specimen. The condition of the soil in some of these gave evi- 
dence that the nymphs had been eaten by ants or other predacious animals. 

On November 19 the last cage, containing what had been called a No. 5 
nymph, was examined and the nymph found to be a very small, delicately 
colored, fifth-instar nymph. The cast skm was found buried only a fraction of 
an inch beneath the end of the burrow. The appearance of the nymph and 
the position of the cast skin led to the conjecture that it had molted quite 
recently. If this conjecture is true, there was a variation of about four months 
in the time of molting of the fourth-instar individuals into fifth instar. This 
variation may have been increased by the abnormal conditions in the cages, 
but the size of specimens collected in the field tends to show considerable dif- 
ference even in nature. Of the specimens m cages all of those with large wing 
pads either emerged as adults or died, and all of those grouped as Nos. 5 and 6 
either died or changed to the last stadium. This evidence removed all question 
as to there being more than the normal five instars common to the Homoptera, 
and in the case of Melampsalta calliope (Walk.), seemed to give not longer 
than a year as the length of any one stadium. 

Melampsalta calkope (Walk.) has not been reared from egg to adult in the 
laboratory, but sufficient data have been obtained on the length of the various 
stadia to warrant some conclusions. Nymphs which emerged in August, 1926, 
were in the third stadium in March, 1927. Since it is known that nymphs 
other than the first inetar normally molt in the summer, and that first-instar 
nymphs of some of the other species molt in the fall after emerging in the 
summer, it seems safe to conclude that Melampsalta calliope (Walk.) nymphs 
molt from first to second in the fall after hatching, from second to third the 
following summer, and each succeeding stadium extends throughout a year. 
This would fcive Melampsalta calliope (Walk.) a total life history of approxi- 
mately four yearn 
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DESCRIPTION OF IN8TAB8. 

First Instar. Length, 2 mm. 

Color of the body pink, appendages white. Antennae seven-segmented, al- 
most parallel sided, the outer segments forming a sort of club. Eyes red spots 
of pigment beneath the epithelium. Tarsi two-segmented with two apical 
claws of about equal length. (PI. XXXVIII, Fig. 0.) Apex of tibi® with 
several large spines, none of them with set®. Apex of front tibi® pro- 
duced into a bifid tooth, with a small median tooth and large posterior one 
almost as long as the tibi® with a smaller notch on its cutting margin. Body 
sparsely covered with stiff hairs. Length of front femora, .2 mm., of the 
pronotum 25 mm. (PI. XXXIX, Fig. 2.) 

Second Instar. Length of entire body, 3.29 mm.; length of front femora, 
0.3 mm.; length of pronotum, 0.4 mm. 

Color creamy white. Antennae five-segmented, elbowed at apex of first 
segment; tapering from base to tip. Eyes small swellings on side of head with 
row of stiff hairR extending vertically across them. Tarsi one-segmented, 
scarcely discernible on the front legs. Tarsal claws mere stubs, the posterior 
one the longer. (PI. XXXVIII, Fig. 6.) Apex of middle and hind tibi® with 
two set®-bearing spines. Front tibia prolonged into a claw-like projection 
with a tooth on the anterior margin. A flat, platelike shearing organ de- 
veloped just anterior to the middle spine on the front femur (the comb), has 
two distinct teeth besides the large apical one. (PI. XXXVIII, Fig 1.) This 
organ is termed “the comb” by Marlatt in his work on the seventeen-year 
cicada, and hereafter will be known by that name. The posterior spine with a 
tooth at the base. Wing pads not yet visible. In general shape tins instar 
very closely resembles the third and fourth. (PI. XXXIX, Fig. 3.) 

Third Instar. Length of entire body, 6.5 mm.; length of front femora, 
0.65 mm.; length of front wing pad, 03 mm.; length of hind wing pad, 03 
mm. 

Color creamy white, shading into fuscous on anterior half; cutting parts 
of front legs darker. Antcnn® six-segmented, tapering from base to tip, el- 
bowed at apex of first joint. Eyes inconspicuous swellings on sides of head 
with a row of stiff hairs extending vertically across them. Tarsi one-segmented, 
those of front legs scarcely discernible, middle and hind legs with two homy 
rudiments of tarsal claws, the anterior one the shorter. Apex of middle and 
hind tibi® with two set ©-bearing spines. (PJ. XXXVIII, Fig. 6.) Front tibia 
with large notch near apex on cutting edge. Comb of front femur with three 
distinct teeth. (PI. XXXVIII, Fig. 1.) Posterior tooth of femur bifid, dis- 
tinctly built for digging. Wing pads barely discernible. (PI. XXXIX, Fig. 4.) 

Fourth In star. Length of entire body, 7-10 mm.; length of front femora* 
1.2 mm.; length of front wing pad, 1 mm.; length of hind wing pad, 0.75 mm. 

Color creamy white with cutting parts of front legs fuscous. Apex of middle 
and hind femur and apical end of some of antennal joints with brown bands. 
Antenn® seven-segmented, tapering from base to apex, elbowed at apex of 
first segment. Eyes inconspicuous with a row of stiff hairs extending ver- 
tically across them. Tarsi one-segmented ; that of front leg hardly discernible, 
apparently without claws, those of the middle and hinci legs bearing two homy 
projections, the outer the smaller. Apex of middle and hind tibi® with two 
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Beta-bearing spines. Front tibia clawlike with a blunt tooth well toward the 
tip.< Comb of front femora with three distinct teeth besides the blunt apical 
one. (PI. XXXVIII, Figs* 1 and 7.) Middle tooth of about same height as 
comb. (PI. XXXIX, Fig* 5.) 

Fifth Instar. Length of entire body, 10-18 mm.; length of front femora, 
1.8 mm.; length of front wing pad, 2Z mm.; length of hind wing pad, 2 mm. 

The males tend to be slightly smaller than the females. General color runs 
from almost white to fairly dark brown. Posterior margin of tergites usually 
bordered with a darker band of brown, although in some specimens this is 
scarcely noticeable. Antenn® usually seven-segmented. Tarsi two-segmented, 
all distinct, the front ones turned back on the inside of tibia. (PI. XXXVIII, 
Fig. 8.) Tarsal claws two, unequal in length, the outer much the shorter. 
Set®-bearing spines at apex of middle and hmd tibi®, three in number. (PI. 
XXXVIII, Fig. 6.) Eyes fairly prominent, becoming red just before emer- 
gence; posterior half sparsely covered with hairs. Comb of the front femur 
with five teeth, the largest one not much higher than the others, (PI. 
XXXVIII, Fig. 1.) An indication only of a lateral tooth on tibia. General 
shape when compared with the fourth instar more cylindrical, with the three 
divisions of the body more nearly equal in diameter and their sides more 
nearly parallel. (PI. XXXIX, Fig. 6.) 

Proama venosa (Uhler). 

Anui/r. Proama venosa (Uhl.) is the smallest species which occurs m Kan- 
sas. In color it is gray with brown markings. Some specimens superficially 
resembled Melampsalta calliope (Walk.). It occurs practically throughout the 
state, but not in such great numbers as does the above species The habitat 
is a high dry hillside or hilltop, almost too barren to support vegetation. 
One cannot help but wonder sometimes what the adults feed upon and how 
the nymphs can exist in such rocky soil. In Scott county, Kansas, near the 
locality where Melampsalta calliope (Walk.) was taken m such numbers, 
Proama venosa (Uhl.) was found in reasonable numbers about one-half way 
to the top of the hills which border Beaver creek. (PL XXIX, Fig. 1.) It 
was here that observations on feeding and egg laying were made, and that 
nymphs were collected. 

Behavior. This species is a very sluggish insect, hardly moving from be- 
neath the feet. It is usually discovered by sweeping the scanty vegetation. 
The song of the male is very shrill, but can be heard only a few feet, so it is 
not of much value in collecting. The greenish-gray appearance of the body 
gives the individuals excellent protection because of its resemblance to the color 
of the host plants. The most expeditious method of locating individuals for 
study in the field is to follow the specimens which fly ahead as the observer 
walks through the grass. This is readily accomplished, as they do not fly far. 
They feed frequently. Females have been observed trying to feed on the 
stems on which they were ovipositing. 

OvxfKMfftfON. So tame is this species that it is a simple matter to make ob- 
servattas once a female is located. The following extract taken from the 
field notebook gives rather a vivid picture of her activities: 

*June 44, found Proama venosa (Uhl.) female at 8:15 a.m. At 8:26 she 
started ovipositing after moving around and finding a suitable stem of dead 
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grass. The first nest was finished in seven minutes, or at 8:33, and another 
started immediately. The second was completed at 8:38, and the third begun 
immediately. This was finished at 8:48, and the fourth begun without delay— 
it being finished at 8:66. She then went around the stem one-fourth way and 
began the fifth at 8:56. She became startled at 8:68 and flew to a bunch of 
gram without any old stems. The stem in which she had been ovipositing was 
cut off and the end of it held down where she was clambering around in the 
blades of grass, and she immediately crawled upon it. She explored this a 
short time and then started to oviposit. Since the wind was so strong, the 
stem was carried over behind a cliff without disturbing the process. She was 
examined minutely with a hand lens, and held, with a notebook for a back- 
ground, for a picture, seemingly without disturbing her in the least. 

“In starting the nest, the body is curved to about a right angle and the ovi- 
positor to somewhat less than a right angle, and a little foamy fluid is exuded 
on the stem. The ovipositor then begins to rotate in this spot of liquid with 
the saw-toothed valves working back and forth, first one and then the other. 
The teeth cut to shreds the tissue of the stem. When the ovipositor has 
been inserted full length the eggs are placed. Each egg can be plainly seen as 
it passes down the ovipositor. When the last egg has been laid the opening 
is filled with this same foamy material as was used at the beginning. She 
makes very little attempt to pat down the tom tissues of the stem, but moves 
almost immediately to a new place. This is practically one ovipositor length 
from the old one.” 

The eggs are laid in almost any dead plant stems that are at hand. In 
Scott county the dry fruiting stalks of a native prairie grass were favorite 
places. 

NnsTS. The nests are arranged in a single row lengthwise of the stem. 
From one to a dosen or more nests may be made in a series. The opening 
is very small and inconspicuous. Collecting them is facilitated by holding 
the grass stems in a loose bunch, and looking down into them. The observer 
detects the series of nests as white saw-teeth on the sides of the stems. Three 
or four small, white eggs are placed in a single row in a nest. They are 1.52 mm. 
long and .36 mm. wide. Unlike Melampsalta calliope (Walk.) these eggs re- 
main white until hatching takes place. 

In 1925 the eggs collected the week of June 24 showed red eyespots August 
5, and postnatal molts were found about the nests August 10. The first nymphs 
hatched in the laboratory August 16, and hatching continued until September 
27. Whether this relatively long hatching period was due to laboratory condi- 
tions or to differences in the time of ovipoeition, or whether it is a normal 
variation for Proama venom (Uhl.) has not been determined. 

These eggs hatch the same as other species noted, and the nymphs are 
equally active and capable of building a home and finding food, but they are 
noticeably smaller than any other nymphs observed. 

The first-instar nymphs transplanted in captivity appear to have died for 
want of food or to have been eaten by predacious enemies before molting. 
This total loss of considerable material is attributed largely to the unhealthy 
condition of the hosts used. At the time of this hatching, experiments were 
being conducted with some of the native western Kansas grasses, which did 
not thrive under insectary conditions. Also, surviving nymphs may have been 
destroyed by an attempt to find them in the soil, for it has since been ad- 
mitted to be practically impossible to locate the first-instar nymphs in large 
quantities of earth. 
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Numerous excavations were made beneath bunches of grass which showed 
old ‘imposition marks without yielding any nymphs. This, in some measure, 
was due to the very rocky condition of the soil. However, by prolonged 
digging beneath and around yucca plants, about 30 were obtained. Three of 
these belonged to the third instar, 22 to the fourth and 11 to the fifth. No 
second-instar nymphs Were found. 

First Instar. Length of entire body, 1.6 mm.; length of front femur, 
0.2 mm. 

Color of the body creamy white with the cutting parts of front legs darker. 
Antennae usually six-segmented. Eyes red pigmented. Tarsi two-jointed with 
two tarsal claws, one much longer than the other. Middle and hind tibiae 
with scattered heavy spines without setae. Front tibia beaklike, with two teeth 
on the cutting margin. Front femur with a median sharp spine and a posterior 
one which is long and heavy with a tooth on the cutting surface. Body 
sparsely covered with stiff hairs. (PI. XL, Fig. 2.) 

Second Instar. This instar has not been seen. 

Third Instar. Length of entire body, 6 mm,; length of front femora, 0.76 
mm.; length of front wing pad, 0.4 mm.; length of hir/d wing pad, .3 mm. 

Color creamy white, slightly darker on cutting parts of front legs. Body 
with a few scattered hairs. Antennae usually eight-segmented, tapering from 
base to tip, elbowed at apex of first joint. Tarsi one-segmented, that of front 
leg indistinguishable on anterior margin of tibia, middle and hind tarsi with 
two apical claws of about equal length. Apex of middle and hind tibiae with 
three setae-bearing spines. Wing pads plainly seen as outpouchings of meso- 
thorax and metathorax. Eyes represented by slight swellings on side of head 
with six small to large hairs scattered at random about its surface. Comb of 
front femora with three distinct teeth besides the blunt apical one. Ventral 
cutting edge of tibia with one notch. (PI. XL, Fig. 3.) 

Fourth Instar. Length of entire body, 6.75 to 10 mm.; length of front 
femur, 1.25 mm.; length of front wing pad, 1 mm.; length of hind wing pad, 
0 6 mm. 

Color creamy white tinged with brown, margins of cutting parts of forelegs 
darkened. Antenn® usually eight-segmented, tapering from base to tip, 
elbowed at apex of first segment. Eyes less in evidence than in fifth instar, 
sparcely set with hairs. Tarsi one-segmented with two tarsal claws of almost 
equal length; that of the front legs very difficult to see with the naked eye, 
so closely appressed is it to the inside of the front tibia. Comb of the front 
femur with three well-defined teeth besides the blunt apical one; some show a 
very small fourth tooth. Front tibi® with but one notch on ventral margin, 
apex of middle and hind tibi® with three set®-bearing spines. Each segment 
of abdomen with sparsely set row of hairs. (PI. XL, Fig. 4.) 

Fifth Instar. Length of entire body, 16 mm.; length of front femur, 2.3 
mm.; length of front wing pad, 4.2 mm.; length of hind wing pad, 22 mm. 
(PI. XL, Fig. 5.) 

Color <sreamy white with appendages and borders of body segments more 
or less titifted with brown. Antenn® usually nine-segmented, tapering from 
base to tip, elbowed at apex of first joint. Eyes fairly well developed, with 
a band of scattered hairs. Tarsi two-segmented, of normal size, with claws of 
unequal length. Apex of middle and hind tibi® with three set®-bearing spines. 
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This species differs from all others observed in not increasing the number of 
these spines with this molt. Front tibiae with one tooth on ventral cutting 
side, middle tooth of femur large, considerably longer than the comb, a char- 
acter which separates the nymphs of this species from those of Melampaalta 
calliope (Walk.). Comb with four well-defined teeth besides blunt apical one. 

Cicada hieroglypkica Say. 

Adult, This is a rather small, green, black and straw-colored species, meas- 
uring 20 to 25 mm. in length. The colors of the body are so arranged as to 
blend almost perfectly with the lichen-covered trunks of the oak trees upon 
which they are found, making the individuals very difficult to find. The wings 
are held less rooflike than in our other species of cicadas, giving them a 
flattened appearance. The most striking character is the transparency of the 
abdomen when viewed with transmitted light. 

Distribution and Habitat. So far as is known this species is limited in dis- 
tribution to blackjack ( Quercus marilandica ) and post oak ( Quercus etellatus) 
groves in the southeastern corner of the state. Most of the data were obtained 
near the nursery of Mr. John Wilson, four and one-half miles southwest of 
Elk City, Kan. This nursery is located in some oak-covered hills, and made 
an ideal place to study a large brood which occurred there this past summer 
(1926). The only other locality where material was obtained was an oak 
grove twelve miles east of Columbus, Kan. This latter place was visited on 
June 6, 1926, when thirty nymphs of the three last instars were dug from the 
sandy soil beneath the oak trees. 

No adults were present at this time. However, a few weeks later these 
woods were ringing with the songs of the males. While all other data obtained 
would lead to the conjecture that cicadas are not specific feeders, this species 
shows such a marked preference for the habitat described that one is forced 
to admit that if oak is not essential to life, at least it is greatly preferred. In 
both localities other trees surrounding the oak or between groves of it would 
yield no Cicada hieroglypkica Say. 

Another element of interest in the habitat is the nature of the soil. In both 
localities studied the soil from which these cicadas emerge is almost pure sand. 
Whether it is the oak trees or the sandy soil they prefer so decidedly has not 
been determined; but the two habitats were so similar and the boundary so 
marked that it seems scarcely probable that it is merely coincident. 

Emergence. This species begins emerging about June 7, and specimens 
have been noted as late as August 7. They appear in greatest numbers about 
the first of July. The act of emergence has not been witnessed, but the ap- 
pearance and position of the exuviae and of the emergence holes leads one to 
conjecture that it is essentially the same as of other species of cicadas. The 
cast skins have been found in greatest numbers on the under Sides of the 
leaves and branches of small oaks only two or three feet above the surface of 
the ground. This locality, near Elk City, is overgrown with these small oaks 
which come up everywhere from the roots of old stumps, making practically a 
solid mat of brush, so that it is difficult to observe the ground or to find the 
cast skins. 
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Feeding. Cicada hieroglyphica Say in live cages fed frequently on oak twigs. 
No dtber host has been tried. 

Mating. Matings have been observed both in the field and in live cages. 
Copula takes place as in all other species noted. 

Opposition . So wary is this species, and so tiny and obscure are the nests, 
that much time was spent before any data were obtained on this phase of the 
life cycle. Although camp was pitched in the midst of oak timber which fairly 
rang with the songs of the males, and three days were spent, June 22 to 25, 
collecting and studying them both in the open and in cages, not a single nest 
was located. Fifty-one adults were confined in a mosquito-netting cage over 
live oak, but none of the females were seen to ovipoeit. It seems possible that 
this very flighty species may not oviposit in captivity as do many of the 
other species. It is considered, however, that this failure was due to the fact 
that the females were not yet fully matured. 

A second attempt was made July 3 to obtain data on the oviposition. Even 
then the most diligent search by two collectors was not rewarded for several 
hours. Perhaps half a dozen females were spotted in the act of egg laying 
within the next day. The most cautious attempts to approach near enough to 
observe the process, however, resulted in disturbing them. It was noted that 
dead twigs were used exclusively for oviposition and the nests were found in 
the limbs from which the females had flown. It was then relatively easy, 
by diligent search along the small partially decayed twigs protruding from the 
mam trunk of the tree to collect the limbs bearing the nests. These stubby 
limbs are characteristic of Quercus marilandica . (PI. XXXIV, Fig. 2.) A 
goodly number of nests were found and brought into the laboratory for hatch- 
ing. 

Nests. The nests are scattered at random on the twigs and are so small and 
carefully sealed shut that they often cannot be detected with the naked eye. 
In fact, nests have been cut into unexpectedly while the observer was dis- 
secting a twig under the binocular. The decayed nature of the bark adds to 
the difficulty of finding the nests. 

The eggs are invariably three in each nest, arranged in almost single file, 
with enough space between the last egg and the nest opening for another egg. 
The nest is filled with an excretion which appears, after drying, very much as 
empty broken eggshells might. 

Eggs. The eggs, when laid, appear identical with all other cicada eggs ob- 
served. They are 1 6 mm. long and .4 mm. wide. In about seven weeks after 
they are deposited red eyespots appear, and a few days later the eggs hatch. 
The total incubation period is about two months. 

The method of hatching and behavior of the nymphs is identical with that 
of other species described. The hatch appeared to be complete so far as ob- 
served. No parasites were reared from these nests. In fact, it would be dif- 
ficult to prove that animals found in the limbs had been parasitic on the eggs 
of Cicada hieroglyphica Say, for the entire twig often reminded one of a 
tenement district. Nests of other species of cicadas, and evidences of in- 
numerable other kinds of minute life were plentiful. The scarcity of the eggs 
was disappointing. About sixty nymphs were plated and perhaps a dozen pre- 
served for study between September first and fifth. 

Nymphs. The nymphs hatched in the laboratory were transplanted to a 
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small glass-sided cage which was well filled with orchard grass. This cage was 
buried in sand in the laboratory. October 10, 1020, an examination of part of 
the dirt in this cage revealed one nymph apparently not much larger than 
when hatched, but alive and active. It was returned to its cell and the re- 
maining soil unmolested. Later the cage was buried with the other plate cages 
out of doors. This bit of evidence would lend encouragement to the hope that 
these nymphs will live on grass roots. 

Other rearing experiments on nymphs of Cicada hieroglyphica Say are lack- 
ing. The nymphs in the field were so scattered and the labor of obtaining 
them so great that it seemed impractical to risk losing the material by at- 
tempting to keep it alive during the excessive heat and with the poor facilities 
at hand at the time. However, in the light of knowledge gained from rearing 
nymphs of other species, the examination of nymphs in the laboratory revealed 
a part of the story. 

Digging foe the Nymphs. Extensive digging was done on Mr. Wilson’s 
place at Elk City, and perhaps 100 nymphs were found. The equipment for 
and technique of digging for nymphs were the same as used in collecting other 
species. The nymphs were found more frequently on the north side of very 
large trees as close to the trunk as it was practical to dig. They occurred usu- 
ally from four to twelve inches beneath the surface. Few cells were seen be- 
cause the soil was so sandy that the least disturbance would completely wreck 
them. The evidence obtained, however, indicates that they are not unlike 
those of other species. 

Material could easily be sorted into five instare (four instare from the ma- 
terial dug, as the first-instar nymphs were not found). In addition, one could 
distinguish between the nymphs newly molted into the fifth instar and those 
which were soon to emerge as adults. Nymphs between these two extremes 
could not accurately be placed in either group. No attempt is made to esti- 
mate the length of time required for any one instar or for the total life cycle. 

First Instar. Length of entire body, 1.6 mm.; length of front femur, 0.26 
mm.; length of pronotum, 0.28 mm. 

Color creamy white, anterior half of body and legs amber. Anteniue 
usually six-segmented. (PL XLII, Fig 1.) First segment short and thick, 
second slightly longer than first, almost parallel-sided; third half as long as 
second; fourth slightly longer than third; fifth same length as third; sixth 
oval in shape, pointed at tip, a little longer than fourth. Eyes represented 
by small spots of black pigment beneath the surface. Tarsi two-segmented, 
tarsal claws two, long, slender, of unequal length, anterior one the shorter. 
(PL XLII, Fig. 2.) Tibia with three nonsetae-bearing spines at apex. Front 
tibia produced into a sharp, clawlike organ with a sharp tooth on its cutting 
margin. Anterior femur without comb; middle tooth small, sharp; posterior 
one long, with a small notch on its cutting margin. Whole body sparsely set 
with stiff hairs. (PL XLI, Fig. 2.) 

Sscond Instar. Length of entire body, 4 mm.; length of front femur, 0.5 
mm.; length of pronotum, 0.6 mm. 

Color of body creamy white, anterior half and legs darker. Eyes represented 
by swellings on side of head, covered on posterior ha lf by hairs* Antenna* 
usually six-segmented (PL XLII, Fig. 1.), three apical segments and apical 
half of third somewhat inflated. Tarsi one-segmented, those of the front legs 
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reduced to the merest rudiments, middle and hind legs with two tarsal claws 
of unequal length. Middle and hind tibiae with three setae-bearing spines (PI. 
XLII, Fig. 2) ; front tibia beak-shaped, no teeth. Comb appears on the front 
femur with two distinct teeth on the cutting edge, posterior tooth large with 
no distinct tooth on its inner margin. Wing pads barely discernible. (PL 
XLI, Fig. 3.) 

Third Instar. Length of entire body, 4.5 to 62 mm.; length of front fe- 
mur, 1 mm.; length of front wing pad, 0.4 mm.; length of hind wing pad, 
02 mm. 

Color creamy white, shading into light brown on anterior half, cutting parts 
of front legs and apices of other legs. Eyes small swellings on side of head, 
posterior half sparsely covered with hairs. Antennae usually seven-segmented 
(PI. XLII, Fig. 1). Segments 4, 5, 6, 7 slightly inflated. Tarsi one-segmented, 
that of the front leg very small, two tarsal claws of unequal length. Middle 
and hind tibiae with three setae-bearing spines (PI. XLII, Fig. 2), front tibia 
beak-shaped, with no teeth on inner margin. Comb of front femur with three 
teeth, besides blunt apical one (Pl. XXXVIII, Fig. 2) ; posterior tooth large 
with very small tooth near base. (PI. XLI, Fig. 4.) t 

Fourth In star. Length of entire body, 7.3 to 11.5 mm.; length of front 
femur, 2 mm.; length of hmd wmg pad, 1 mm.; length of front wing pad, 12 
mm ; length of pronotum, 2 mm. 

Color creamy white shading to light brown on anterior parts; cutting parts 
of front legs and certain ventral sclerites fufecous. Eyes inconspicuous enlarg- 
ments on side of head; hairy on posterior half. Antennae usually eight- 
segmented, from third to tip tending to be inflated. (PL XLII, Fig. 1.) Tarsi 
one-segmented, exceedingly small on front legs. Apex of middle and hind 
tibiae with three setae-bearing spines. (PL XLII, Fig. 2.) Front tibiae break- 
like; no teeth. Comb of front femur with four teeth (Pl. XXXVIII, Fig. 2), 
posterior tooth with small notch on inside. (PL XLI, Fig. 5.) 

Fifth Instar. Length of entire body, 12-20 mm.; length of front femur, 
32 mm.; length of front wing pad, 6.5 mm.; length of hind wmg pad, 3.6 mm.; 
length of pronotum, 42 mm. 

Color creamy white, posterior borders of pronotum wing pads and abdominal 
segments fuscous. Cutting parts of front legs almost black. Antennae usually 
eight-segmented; segments 4, 5 and 6 inflated (PL XLII, Fig. 1) ; fourth some- 
times black. Postclypeus of peculiar rectangular shape. (PL XLI, Fig. 6.) 
Eyes large, projecting, posterior half sparsely covered with hairs. Tarsi two- 
segmented with two unequal apical claws. (PL XLII, Fig. 2.) Apex of middle 
and hind tibi® with five set®-bearing spines, front tibi® beak-shaped with no 
spines or teeth on the cutting margin. Front tarsi bent back on inner margin 
of tibi®. Comb of front femur with six well-developed teeth besides the blunt 
apical one. (PL XXXVIII, Fig. 2.) Middle tooth extends at a different angle; 
posterior tooth large, sharp, with an indication of a tooth on inner margin. 
Wing pads well developed. (PL XLI, Fig. 6.) 
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Tibicen aurifera (Say). 

Adult. Tibicen aurifera (Say) is one of the smaller species of this genus, 
measuring from 23 to 26 mm. in length. In color it ranges from green and 
black to almost orange and black. Freshly emerged specimens are often 
covered with long, golden-colored pile. 

Distribution. This species is found over the eastern third of the state, but 
not in definite broods any one year. It occurred over as large an area this 
past summer (1926) as it has for the past ten years. The special locality from 
which most of the data have been taken is a hillside one mile northwest of 
Midland, Kan. 

Habitat. Tibicen aurifera (Say) is most frequently found in small grass- 
covered areas containing shrubs. Often this habitat is near trees, and the 
males may be heard singing in them, too. While the largest number of nests 
taken have been in the hollow stems of panic grass ( Pamcum virgalum), they 
have also been found in other large grasses, in weeds, and in sumac (Bus 
glabra L.) which is a very common host. Where the latter is used, the nests 
are placed in the dead ends of twigs. The species is easily located by the 
song of the males. The adults are not wild, and hence are easily taken with 
the net. Although the male may be heard singing in trees, the female rarely 
oviposits in them. The individuals of this species are usually darker than their 
hosts and are comparatively easily seen. 

Emergence. The latter part of July Tibicen aurifera (Say) begins to 
emerge. It is, however, a late summer species, usually occurring in greatest 
numbers in September. Most of the observations on oviposition, etc., have 
been made during this month. In fact, it is among the last species to cease 
singing in the fall. 

Feeding and Mating. The adults feed often in captivity, very much as 
any of the other species. Mating was observed on a compass plant ( Silphium 
laciniatum L.) at Garnett, Kan., September 7, 1926. The individuals were 
end to end and remaining quiet during the making of a photograph. (PI. 
XXXIV, Fig. 1.) 

Oviposition. (PI. XXX, Fig. 3.) It was the finding of Tibicen aurifera (Say) 
ovipositing at the location northwest of Midland that first aroused my interest 
in the life histories of cicadas. The female seals the nest with an excretion, 
expending considerable time patting the tom tissue into place with the 
sheathes of the ovipositor. 

Nests. The nests are placed in a single row lengthwise of the stem. (PI. 
XXXI, Figs. 1 and 4.) They are about the length of the ovipositor apart, and 
are separated by a little tom tissue. There may be from one to eighteen 
nests in a series. As has been stated above, the nest is neatly closed, leaving 
only a small mark on the stem. In grasses these nests are placed in the fruit- 
ing stalk. They do not injure the plant, in fact, they do not eten weaken it 
materially. Normally the eggs are placed in two rows. Usually eight to 
twelve occur in a nest, but as many as twenty-two have been found. 

Egos. (PI'. XXXI, Fig. 3.) The eggs are 1.8 mm. long and 0.52 mm. wide. 
They remain white until hatched. Red eyespots appear during the second 
week in June, and hatching begins about June ltf. This makes the egg stage 
at least nine months. Unlike most of the eggs which hatch the same season 
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Txbicen aurifero (Say) has a short hatching period. Within two weeks after 
the first nymph wriggles out, all have emerged. Practically every egg hatches 
which has hot been parasitised, even to the occasional good egg in a nest where 
ail others have been consumed. 

Parasites. Often as high as fifty per cent of the nests of this species are 
parasitised. A small metallic-green hymenopteron belonging to the genus 
Syntomaspis lays a single egg in the nest and the grub feeds on the eggs. 
(PI. XXXI, Fig. 2.) Usually all the eggs in one nest are consumed by one 
grub, but occasionally in a large nest a few are uninjured. The grub obtains 
its growth and spends many weeks in a resting stage before pupating. In a few 
days after pupating, it emerges. In nature this emergence is timed nicely to 
coincide with the oviposition time of the cicada. In the laboratory the 
parasites have been known to emerge as early as May 7. 

Some doubt has been expressed by hymenopterists as to the accuracy of 
the above data, but parasites have been observed in the field, and rearing has 
been done repeatedly under conditions which would allow no mistake as to 
identity. While the actual act of oviposition of the parasite in the field has not 
been observed, it is interesting to note that Fabre, writing m Souvenirs Ento- 
mologiques, page 272, recorded having observed a small hymenopterous parasite 
which he described as a chalcid 4-5 mm. long, black, with knotty antenna 
increasing in size toward the end, and a long ovipositor situated toward the 
middle of the abdomen. He also states that in laying its eggs this impostor 
does not use the entrance to the nest made by the cicada but inserts its eggs 
through the solid wall of the stem and that the parasite subsists on the whole 
nest of a dozen cicada eggs. He did not collect the parasite, so could not 
learn its identity. He suggested that it might be new. More interesting still 
is the fact that Reaumur, writing in 1740, described virtually the same 
phenomena. 

Hatching. Just why it should have been difficult to learn to obtain the 
emerging nymphs cannot be explained unless because of so long an egg stage. 
Whatever the explanation, it must be admitted that bundles of stems contain- 
ing eggs of this species and others were kept for months, only to let the 
nymphs emerge unobserved before the technique of obtaining them was per- 
fected. The first success was in working with this species, and was somewhat 
of an accident. When red eyespots were observed the eggs were examined 
daily. On June 16 the stems containing the eggs were moistened because they 
had been kept dry for a few days while transferring from one laboratory to an- 
other. The stems had been left in the laboratory for a few minutes while 
further observations were made on a nest under the binocular. When the ob- 
server turned to remove the lot to the open again, they were found covered 
with many tiny, white nymphs. The wetting, together with the warmth of 
midday in June, had produced a large hatch. The chance circumstance gave 
the essentials of hatching eggs in the laboratory. Referring again to Fabre, 
one notes a similar experience. Having tried in vain repeatedly for two y*ars 
to find the nymphs emerging, and finally, thoroughly discouraged, he laid a 
bundle of twigs on a chair, to be near his hand, and accidentally in front of his 
fire in the open hearth, while he made one last search in the twigs with his 
glass. When he turned to the chair to take up another twig, he found the 
nymphs emerging from the wanned nests by the hundreds. 
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Nymphs. A year before any data had been obtained on the hatching of 
nymphs, a bundle of stems bearing Tibicen aurifera (8ay) was placed over a 
large pot of Pamcum virgatwm and the eggs allowed to hatch naturally and 
the nymphs find their own way to food and shelter. Nothing was done to the 
sod for about eleven months, when the soil was removed by inverting the 
pot on a table and a search made for nymphs. By tearing about two-thirds 
of the root mass and soil into fine particles eleven nymphs were found. These 
were tiny white creatures 3 mm. in length which appeared to have many years 
to grow before they could emerge as adults. This proved beyond a reasonable 
doubt that Tibicen awifera (Say) at least, had a relatively long life cycle. 
With Magicicctda eeptendecim (Linn.) requiring seventeen years to complete 
its life and Tibicen awifera (Say) giving evidence of requiring several years, 
little ground was left for belief in the popular statement, which so many authors 
had made, that the other species of cicadas probably develop in from one to 
two years. It was this information which caused the experiments to be started 
to obtain more suitable live cages, and some method of reducing the high 
mortality of nymphs during the first year. 

Repeated efforts have been made to obtain nymphs in the field by digging 
on the hillside near Midland. A few nymphs have been obtained on many 
occasions. But since the first attempts at rearing nymphs were made with this 
species, it is not surprising that many were lost. 

Observations were made, however, on the digging and feeding habits, and 
numerous hosts have proved satisfactory. Given sufficient food these nymphs 
form cells from an inch to two inches in length and large enough to allow 
freedom of motion of the legs. If the host thrives, they will remain in the 
same cell indefinitely, moving about very little. Even fifth-instar nymphs have 
been kept for months m cages little thicker than their cells. However, if the 
host dies, the nymph makes a heroic search for food. Third-instar nymphs 
have been observed to mine the dirt from end to end of a glass cage. A fifth- 
instar nymph, living m a large flower pot, was found to have tunneled the 
bottom half of the dirt thoroughly in search of food when the host had died. 
He was found m the bottom of the pot. When placed in a hole near live roots 
he simply completed his cell and remained for weeks where he had been 
placed. The only actual data on the length of the stadium that have been 
obtained is that the fifth requires more than one year for completion. The 
length of the first three stadia was determined approximately from the nymphs 
reared from eggs in the large pot referred to above. The first instar changes 
into the second sometime the firet summer, the second into the third the 
second summer, and the third into the fourth the third summer. Thus, count- 
ing from the time the eggs were laid to the beginning of the fourth stadium* 
we have a period of three years. Definite data cannot be given as to the length 
of the fourth and fifth stadia at this time. 

First Instar. Length of the entire body, 1 A mm.; length of front femur, 
020 mm.; length of pronotum, 02 mm. 

Color creamy white; digging parts of front legs fuscous. Antennae usually 
seven-segmented, almost same sise throughout. Eyes small, red granular 
pigmented. All tarsi two segmented with tWo 4 tarsal daws of about equal 
length, Apex of middle and hind tibis with some large spines but no sets; 
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apex of front tibia produced into a beak-like projection with two teeth on its 
anterior margin. Anterior femur with one small middle spine and a large, 
somewhat -bifid posterior one. Body and appendages with the usual long, stiff 
hairs and spines. (PI. XLIII, Fig. 1.) 

Sbcsond Instar. Length of the entire body, 4 mm.; length of front femur, 
0.5 mm.; length of pronotum, 0.6 mm. 

Color creamy white to fuscous on cutting parts of front legs. Antennae 
usually seven-segmented, tapering from base to tip; elbowed at apex of first 
segment. Eyes mere swellings on side of head, set on posterior half with sparse 
stiff hairs. Tarsi one-segmented; those of middle and hind legs with two 
claws, the anterior one slightly shorter; tarsi of front legs closely appressed 
to anterior surface of tibia, very small, scarcely discernible as such. Apex 
of middle and hind tibiae with three setaB-bearing spines. Front tibia beaklike, 
bifid at tip and a slight sinuation at location of two small teeth in third instar. 
Comb of front femur with two distinct teeth besides blunt apical one, median 
tooth of about same height as comb; posterior tooth large, with a medium- 
sized tooth on its inner surface. Slight indication of wing pads. (PI. XLIII, 
Fig. 2.) , 

Thii^d Instar. Length of entire body, 7 mm.; length of front femora, 1 
mm.; length of front wing pad, 1.2 mm.; length of hind wing pad, 0.3 mm.; 
length of pronotum, 12 mm. 

Color creamy white, fuscous at apex of leg segments and cutting parts of 
front legs. Antennas usually eight-segmented; outer two very closely joined. 
Eyes almost as in the second instar, slightly larger. Tarsi one-segmented; 
front one hardly distinguishable from side of tibia; middle and hind ones with 
two claws of almost equal length. Apex of middle and hind tibiae with three 
setae-bearing spines. Front tibia beaklike with three teeth — one large and two 
small ones. Comb of front femur with three distinct teeth, besides blunt 
apical one; middle tooth of about same height as comb; posterior tooth large, 
bifid. Wing pads discernible as small outpouchings of meso- and metanotum. 
(PI. XLIII, Fig. 3.) 

Fourth Instar. Length of entire body, 8-15 mm.; length of front femur, 
3.3 mm.; length of front wing pads, 2 mm.; length of hind wing pads, 1.5 mm. 

General color creamy white turning to brownish on head, thorax and legs. 
Apices of leg segments, especially cutting parts of front legs, edged with black. 
Antennae usually eight-segmented, smaller but of same general shape as that of 
fifth instar. Tarsi one-segmented, the middle and hind ones bearing two claws 
of unequal size; the front tarsi reduced to a small V-shaped segment with no 
sign of claws, so deeply embedded on the anterior side of the tibia that it can 
hardly be seen. Apex of middle and hind tibiae with three setae-bearing spines 
on anterior-ventral margin. Comb of front femora about as in fifth instar, but 
with only five main teeth. (PI. XLIII, Fig. 4.) 

Fifth Instar. Length of entire body, about 20 mm. ; length of front femur, 
4.25 mm.; length of front wing pad, 7.75 mm.; length of hind wing pad, 5 mm. 

General color brown with posterior borders of abdominal tergites, mesonotum 
and metanotum much darker. Apices of leg segments narrowly edged with 
black, also gonapophyses. Antennae usually nine-segmented, segments parallel- 
sided growing smaller from base to tip. Apices of some segments may be edged 
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with black. Tarsi all normal and two-segmented, bearing two claws, anterior 
.one one-fourth the size of posterior, the latter slightly longer than the first 
tarsal segment. Tarsi of front legs well developed, turned back on anterior 
margin of tibia. Apex of middle and hind tibia© with four seta-bearing spines 
on anterior ventral margin. Front tibia bifid at apex. Comb of front femur 
with six teeth along its outer margin. (PI. XLIII, Fig. 5.) 

Tibicen vitripenrvis (Say). 

Adult. Tibicen vitripennis (Say) is colored much the same as Tibicen auri- 
fera (Say) and is about the same size, with the exception that it is slightly 
more slender. The two species may be separated by the following characters: 
Uncus wishbone shaped, vitripennis (Say) ; uncus not wishbone shaped, auri- 
jera (Say). 

Distribution. Roughly speaking, this species has been taken over the east- 
ern half of the state. It occurs in greater numbers in the southern part than in 
the northern. No particular localities in Kansas have been under observation. 
The notes on oviposition and nests were obtained in the Arbuckle mountains 
in Oklahoma. 

Habitat. The habitat, unlike that of Tibicen aurijera (Say), is in trees and 
usually along streams. Willows and cottonwoods are favored hosts. The 
adults are usually located by the songs of the males, but as they are often 
high in the trees they are much more difficult to take than the species thus 
far considered. The songs of the males are quite distinctive, having as a 
part of it a series of clicks more like the song of some of the Orthoptera. 

Oviposition. It is large broods of this species which oviposit in cotton and 
corn, in some localities causing considerable damage to the crops concerned. 
William Newell, U. S. Dept, of Agri., Bureau of Ento. 60, p. 52-58, gives an ac- 
count of a brood in Ouachita valley, La., where twenty per cent of the cotton 
plants were destroyed. Some fields were so badly damaged that they were 
plowed up. One man reported more or less damage for the past twenty years, 
but that year (1905) was the worst. The corn was preferred to cotton, the 
insects choosing the part of the stalk just beneath the tassel and placing bo 
many nests in them that the tassel died without functioning. He counted three 
stalks with 297, 181 and 215 nests respectively. Each nest contained from 4 
to 5 eggs. It was his opinion that each female laid about 1,000 eggs, and would 
oviposit in almost anything, trees, shrubs, fence posts, roof and walls of sheds. 
Even the hoe handles beeame so roughened by the oviposition of this insect, if 
they were left exposed during the noon hour, that they had to be smoothed 
with sandpaper. He also records one nest in a hollow weed with 75 eggs in it. 

A recent number of the Quarterly State Plant Board Plant Bui. of Miss., vol. 
>6, July, 1916, No. 2, carries the following paragraph on this species: 

“A forty-acre field of cotton in Yunica county was severely, injured by 
locusts or cicadas the latter part of June. The species responsible for the in- 
jury was Tibicen vitripennis (Say), which occurs throughout Mississippi, but 
is most abundant in the delta counties. The injury was caused by the fe- 
males splitting the stalks and branches to deposit eggs, resulting in the death 
of the smaller stalks and the injured branches. About 90 per cent of the plants 
were injured and 25 per cent of the stand destroyed. Such heavy injury to 
•cotton occurs very rarely. No control measures were used.” 
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On July 17, 1925, neats of Tibicen vitripennis (Say) were collected in the 
cotton field of Mr. Sam Brown, four miles south of Davis, Okla., by the writer. 
The greater number of nests were found in the parts of the field nearest the 
timber which bordered the river. Only a small per cent of the stalks had been 
used as hosts, but in every case the placing of nests had resulted in the death 
of the plant above the nests. Usually the punctures had been made in the 
main part of the stem, although branches were sometimes used. Bach nest 
was finished with a frothy excretion. The species had been heard singing in 
great numbers in practically every timbered section for miles around this 
locality. 

Nests. The nests were arranged in mismatched pairs, usually four or five 
pairs, only an ovipositor's length apart, then a little longer space before the 
next series began. In the stems sent to the laboratory there were from 13 to 
37 nests in a stalk. The external appearance of the nest is not unlike that of 
Melamp8alta calliope (Walk.). Perhaps they are a little less conspicuous from 
the fact that Tibicen vitripcnnis (Say) uses secretions in closing her nest. 
Prom three to seven eggs are placed in a nest, the number varying with the 
size of the stem used. They are 1.7 mm. long and 0.42 mm. wide, white in 
color when laid, turning to pink before hatching. Tibicen vitripennis (Say) 
occurs from June to August at least. No general statement as to the extreme 
times of egg laying or of hatching can be given. The eggs observed in the 
laboratory were laid before July 17. Red eyespots were observed in many of 
the eggs August 5 and hatching began August 7. These nymphs appeared to 
be hatching from one stem, while in other stems the eggs appeared very pmk, 
and in still others the only pigmentation was the red eyespots. The hatch 
appeared to be complete August 15. The data are too meager to warrant con- 
clusions, but if they are of any significance, would suggest a relatively short 
incubation period for the eggs. These stems were collected when only wilted 
and confined in a container for several days. When removed they were badly 
moulded, but the eggs were uninjured. 

The newly hatched nymphs were placed in small glass cages in the open. 
September 20 two nymphs were found in a crab-grass cage, one still in the 
first stadium and the other in the act of molting. The first one was placed 
in a cage of orchard grass and was never seen again. The second one and its 
molted skin were preserved in alcohol. This specimen had a first stadium 
of six weeks. The total loss of this material was due, in part at least, to the 
experimental stage of rearing technique. No digging has been done for 
nymphs of Tibicen vitripennis (Bay). An interesting question arises in con- 
nection with the nymphs hatching in cultivated fields. Do they all perish or 
are they, in nature, able to subsist on annuals? 

Tibicen bifida (Davis). 

Adult. Tibicen bifida (Davis) is a brown and black cicada of medium 
size. A very striking character is the pruinose markings of the body, espe- 
cially a dorso-median line extending the whole length of the insect. The 
opercula of the males are long and sharply pointed. 

Distribution. This species is confined to the western part of the state. 
The hills about Mr. Steele's ranch in Scott county fairly echoed with the songs 
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of the males in 1925. Semidesert, prairie hills, with very little vegetation ex- 
cept sage brush and scattered yucca plants, form the habitat. (PI. XXVIII, 
Fig. 1.) It makes its presence known by the piercing song of the males and 
can easily be traced down and collected with a net. The species is active dur- 
ing the heat of the day, but early in the morning and late in the afternoon 
it becomes sluggish, and is more easily taken. Although the females were 
observed ovipositing, and photographs were made, they could not be carried 
about while at work as could specimens of Melampsalta and Proama. 

Emergence. Tibicen bifida (Davis) is classed as an early species. It is out 
in June and gone by the last of July or the first of August. 

OvirosmoN. Adults of this species have not been confined for observation, 
and the individuals are so wary that detailed study could not be made in the 
field. Females have been observed ovipositing in dead yucca stalks, and 
hundreds of nests so placed have been taken. (PI. XXXIV, Fig. 4.) They 
are often arranged in rows which tend to wind around the stem to avoid 
branches. They may, however, be placed at random on the stalk. The nests 
are closed with secretions. One female spent ten minutes filling and closing a 
single nest, using care to pat the tom tissues into place before leaving to 
make a new one. The nests are not conspicuous, yet may be found readily 
if the stalk is examined. Dead yucca fruiting stalks, preferably more than a 
year old, are commonly used. Very rarely a few nests are placed in a green 
stem. Four eggs are placed in a nest, usually the first one alone in the bottom 
of the nest, the next two crowded very closely together and overlapping each 
other and the two end eggs, the fourth extending nearly to the opening. 
They are white when laid, anil about the same size as those of Tibicen aiurifera 
(Say). After red eyc^pots appear the entire egg becomes pink. Eggs laid 
before June 18 showed red evespots August 3. and Augu>t 7 some of the eggs 
were pink, while others were still white. August 10 cast postnatal skins were 
„ found about the nest owning of some stems which had been out of doors, but 
no nymphs were hatched in the laboratory until September 13. The hatch 
appeared to be complete by September 27. These data give a range of six 
weeks from the time of the first hatching to the last. The variation is prob- 
ably due to differences in time of oviposition. The egg stage appears to be 
approximately three months. Eggs collected in August of 1926 were not 
brought into the laboratory until the 24th of this month, and no evidence of 
eggs having hatched was observed. In three days, September 3-5 inclusive, 
445 nymphs emerged from a large handful of stems. 

In the summer of 1925 some newly emerged nymphs were put into small 
glass-sided cages, and others were allowed to hatch naturally over large pots 
in the open. Sixteen nymphs were placed in a small cage of Panicum virgatum 
on September 17. The grass had been transplanted in June and apparently 
started growing nicely. One of these formed a cell against the glass with a 
new, white root running through it, and remained there clearly visible through 
the glass for many days. By October 1 its abdomen was much distended. 
Later the grass died, however, and when food ceased the nymph dug out of 
sight. When the cage was opened, October 26, only two live specimens were 
found. These were transferred to another cage and disappeared. 

Interesting observations were made of another nymph. When first observed 
it appeared to be feeling the sides of the cell with its antennas and front 
14 — 3341 
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claws. When it struck a root running through the cell, it clawed repeatedly, 
then appeared to insert its beak with difficulty. The middle and hind pairs 
of legs were raised to the back or sides of the cell, and the nymph gave every 
evidence of pushing. After inserting the beak, it remained very quiet for a 
considerable time feeding. 

Others were placed m a cage of newly transplanted grass. When they were 
examined two or three weeks later they appeared no larger than when hatched. 
There was a marked difference in size between these and nymphs transplanted 
at the same time in cages of grass which had been growing. Nymphs appear 
to be unable to obtain nourishment from newly transplanted grass 

Of those which hatched ovei pots m the garden little is known. No con- 
jecture can be made as to the probable number which emerged. An examina- 
tion of the soil m these was made May 27 of the next year. The first pot ex- 
amined contained wheat, yucca and Panicum vvrgatum as hosts At this time 
the wheat had a nice root mass extending four to five inches m all directions, 
but at the time the nvmphs entered the ground the roots must have been much 
fewer m number The yucca had only a few large, short roots. There is no 
evidence that one of these would not have furnished /food for a nymph if it 
had had the good fortune to find it, but the per cent which would find them 
would certainly be very low . The panicum showed only a few sprays above the 
surface, but had formed a ma^s of roots both large and small on one side ex- 
tending to and co\enng the bottom of the pot Just how much of this root 
mass was formed before the emergence of the nymphs it is impossible to sav 
The search for nymphs was made chiefly on the sides of the pot where w T heat 
and yucca had been gi owing, although it extended some into the panicum 
roots. One nymph was found at the bottom of the pot on the grass roots It 
was consideiablv enlarged, but had not molted Further exammation was not 
made because of the danger of destroying individuals which might be o^r- 
looked. This n>mph was placed m a small glass-sided cage. June 4 one claw 
was found in a run that some tmv brown ants had made m the cage Since 
the dirt was not all examined, and eggs were hatched over three large pots, it 
seems probable that data will yet be obtained from them. The information 
gained thus far indicates that at least some of the nymphs of Tibicen bifida 
(Davis) overwinter m the first stadium 

The nymphs hatched m September, 1926, were placed in a large cage of 
Panicum xnrgatvm which had been growing since May, 1926. During the hatch- 
ing period this cage was left lying on its side. The top glass was removed and 
the nymphs allowed to fall on the dirt above the roots. When opened and ex- 
amined on February 3, 1927, one second-instar Tibicen bifida (Davis) was 
found with its cell constructed against the glass. It seems probable that the 
more rapid de\ elopment in this cage than m the pot described above was due 
to the food supply, although differences in hatching time might also have in- 
fluenced the development. 

Considerable digging has been done m the field m the hope of finding 
nymphs. Excavations were made about and beneath yucca plants whose fruit- 
ing stalks showed old oviposition marks, but only a very few nymphs were 
found in all the trials. These have the typical wrinkled appearance of a 
Tibicen and can be told readily from the nymphs of the other two genera oc- 
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eurring in this locality. An attempt was made to tear the material collected 
and it has either been lost through death of the individual or is still in the live 
cages. c 

Tibicen marginalis (Walk.). 

Adult. Tibicen marginalia (Walk.) is one of the largest of the Kansas cica- 
das. It measures from 36 to 39 mm. in length. In color the species is greenish 
and black or greenish yellow and black. 

Distribution and Habitat. This species occurs in the eastern third of the 
state. It is most commonly found in groves of willow or cottonwood along 
streams, although may be heard in other trees, A special study of this species 
has been made in a grove of birch on the farm of Mr. Wm. Payne, four miles 
northeast of Oswego, Kan., where large broods occurred in 1923 and 1926. 

Behavior. The specimens are located by the continuous Z'we, Z’we, of the 
males. In the warmer parts of the day the adults are active and fairly difficult 
to take with a net unless the trees are low. The males are the most persistent 
and prolonged singers of any of the Kansas species. Their song begins as soon 
as the sun warms them in the morning and continues far into the night. Speci- 
mens have been heard as late as 1 :30 o’clock in the morning. As the tempera- 
ture is reduced with deepening night, the time of the song becomes slower. 
Just how long one male will sing continuously is not definitely known, but it 
is many times longer than for most of the other species. 

Emergence. Occasional specimens have been heard as early as June, and 
a lone male has usually sounded the last cicada note heard in the fall. In 1926 
one was heard October 17. The largest numbers occur, however, in July and 
August. 

Mating and Oviposition. Specimens have been observed in copula both in 
captivity and in nature. They remain either side by side or end to end. One 
pair mating in the top of a willow tree, perhaps twenty feet from the ground, 
was dislodged in an attempt to capture them. They fell striking the tree sev- 
eral times in their fall, but were not separated. 

The female oviposits both in green and dead tissue and in a number of hosts. 
(PI. XXXI, Fig. 7.) In Paynes pasture, in Cherokee county, birch is fa- 
vored. Usually green twigs are chosen. These are often so cut by the ovi- 
positor that they die. (PI. XXXII, Fig. 1.) The corky bark of the trunks of 
willow is also used. 

Nests. The nests in green tissue are placed in one or two rows along the 
twigs, often slightly winding around the limb. If two rows are made the 
second nest is plafced to one side and a little in advance of the first. Having 
filled the nest with eggs, the female forces the ovipositor deeply into the 
tissues just in front of the last egg thus raising the shreds up across the 
opening. She then exudes a secretion into the nest, which cements the .im- 
provised door in place. 

Eggs. The eggs are pearly white, pointed at either end, 2.25 mm. in length 
ami 0J> mm. in width. The number of eggs in a nest varies from three to 
seventeen. .The nature of the host used probably accounts, in part, at least, 
for the number of eggs placed in each nest. » 

Eggs collected in 1925 and kept suspended m the open until the following 
June showed red eyespots June 10, and hatching began June 15. A few neats 
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of these were laid in birch in Cherokee county and collected August 13; the 
rest were taken in Douglas county. These were in willow. The hatch ap- 
peared to be complete July 8. These data would give a period of at least ten 
and a half months for the egg stage and a little over three weeks for the 
hatching period. 

Parasites. The eggs of Tibicen marginalia (Walk.) are sometimes para- 
sitized by a small braconid which Mr. S. A. Rohwer, of the United States 
National Museum, has identified as a new species belonging to the genus 
Heterosjrilus. There is but one parasite to a nest of eggs. At maturity the 
grub rests in the otherwise empty nest throughout the winter. As the season 
for the appearance of the next brood of cicades approaches, the larvae pupate 
and in a few days emerge as tiny reddish-brown braconids. 

Nymphs. Of the nymphs hatched in the laboratory, 51 were transferred 
to a small cage of orchard grass, 58 to another small cage, and 186 to a large 
cage of Sorghastrum nutans. During a part, of the hatching period the stems 
containing nests were placed over a large pot of willow and cottonwood trees 
in the open. The nymphs in the small cages had all disappeared when exami- 
nation was made October 10. This loss has been considered to be due to ants 
and other predacious enemies. One limb of birch, particularly well filled with 
eggs, was placed over a cage m the open for a few days dunng the hatch. 
When examined again many small, brown ants were found crawling about the 
dead stem. They did not appear to have molested the egg* in the nests. As 
there was nothing else to attract them, -they evidently were capturing the 
nymphs as they emerged. Although such a condition left unchanged would 
have been disastrous to the nymphs from this series of nests, such a circum- 
stance doubtless is exceedingly rare in nature because of the habit of the 
females of placing them so far from the ground and scattered about in rel- 
atively small series. An examination of the soil in the large cage February 
3, 1927, showed three nymphs, one of the second mstar and two of the third 
with cells built agamst the gla^s. These were not disturbed, and extensive 
examination was not made because of the fear of overlooking and thus 
injuring the tiny nymphs. The sod m the cage was removed from the locality 
northwest of Midland where Tibiccn aurifira (Say) is found and might have 
contained two nymphs of this species, which would account for the two third- 
mstor nymphs neai the glas*. Otherwise they must be Tibiccn marginalia 
(Walk.), which have molted twice since hatching in June. They were quite 
small for this instar. 

Large amounts of soil were examined in the birch grove referred to in an 
attempt to find the nymphs, but none was obtained. This was thought to be 
due to the immense number of trees in the locality compared to the number of 
cicadas. Excavations near a large, solitary cottonwood tree in a pasture in 
Cherokee county where Tibiccn marginalia (Walk.) predominated, yielded 
four fifth-mstar nymphs of a Tibicen which was thought to be marginalis 
(Walk.). These nymphs occurred in cells from four to twelve inches beneath 
the surface. Three of these were pickled for study, and the fourth was trans- 
ported 150 miles in a mud cell to the laboratory. W’hen placed in a large cage 
of willow it formed a new cell and appeared to be unharmed by the experience. 
Examinations of this cage February 3, 1927, revealed the nymph apparently 
in good condition in a large burrow near the bottom of the cage. 
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Tibicen dealbata (Davis). 

Advlt. Tibicen dealbata (Davis) was first described as a mountain variety 
of Tibicen marginalis (Walk.), then later was made a separate species. It 
differs from this species in having a shorter distance between the eyes and in 
having greater numbers of pruinose markings. 

Distribution and Habitat. This species is found over the western two- 
thirds of the state. It practically always occurs in the trees along the water- 
courses, willow and cottonwood being preferred. 

Behavior. While Tibicen dealbata (Davis) occurs west of Tibicen margi- 
nalis (Walk.), and its emergence time is a little shorter (perhaps due to higher 
altitude), no difference has yet been detected in the behavior of the two. The 
song sounds identical, the habits of singing are the same, the nests of one 
might be mistaken for those of the other, the same types of hosts are used, 
and the time and method of hatching and the appearance of the eggs and 
nymphs are identical. 

Emergence. Near Mr. Steele’s ranch in western Kansas a fairly large brood 
emerged late in June and was practically all gone by the middle of August. 
It is known, however, that some individuals of this species are out as late as 
the first of September. While the adults have been collected and their song 
has been recorded in many localities throughout western Kansas and eastern 
Colorado, only this one location has been found which combined accessible 
habitat and a brood of sufficient size to make study feasible. 

Along the north side of the ford across Beaver creek two miles north of 
Mr. Steeles ranch, in the southern edge of Logan county, a large brood of 
Tibicen dealbata (Davis) was found in June, 1925. These were emerging from 
the sandy soil under a thicket of small cottonwoods and willow near the creek. 
Their emergence holes showed very plainly, smooth and fairly round. The 
edges were flush with the surrounding surface. On June 22, when they were 
first observed, they were not singing and appeared to have emerged recently. 
On June 26 the males were singing, but no eggs were found. This locality 
was visited again August 13. Only a few adults were left, but the trees, 
especially the cottonwoods, were spotted with small patches of brown leaves. 
These dead leaves were due to the stunting of the twigs by the oviposition 
of the females. Small green twigs about the diameter of a lead pencil were 
chosen. The female, standing with her head toward the tip of the hmb, 
makes a nest of about eight eggs placed in two rows, then moves a little to one 
side and out and repeats the process. (PI. XXXI, Fig. 6.) When the eggs 
have been deposited, she forces her ovipositor deeply into the tissue in front 
of the nest and cements the shreds across the nest opening exactly as described 
for Tibia n marginalis (Walk.). (PI. XXXIV, Fig. 3.) So close are her .nests 
and so ragged the openings that the outer tissues of a limb may be in shreds 
for six inches and around half of its circumference. This type* of oviposition 
often weakens the twig until the wind breaks it off. Even where not broken 
the twig may be sufficiently stunted to cause the loss of leaves, and may even 
die. Usually where larger twigs are used the limb is scarred, but no further 
damage is done. 

Eggs. The eggs are pearly white, 2.25 mm. in length and 0.5 mm. in width,^ 
They are deposited throughout the summer months and hatch the next Juner 
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The eggs collected in August, 1925, were suspended in trees m the open* On 
June 8, 1926, no eyespots were visible, but on June 10, when they were placed 
in trays m the laboratory, an extensive examination of many nests revealed 
that some of the eggs m all the nests showed the eyespots, but not all of them 
did June 13 nymphs began emerging Some of these nymphs were placed in 
small cages; 312 were placed m a large, glass-sided cage of Sorghastrum nutans, 
and 287 were placed in a similar cage with willow as their host All cages 
were buried in the open June 20 The nests were then suspended over a large 
pot of cottonwood m the open An examination June 29 showed the hatch 
practically complete Two nymphs emerged in a tray on that day. The above 
data gi\es an mcubation period of at least ten months and a hatching period 
of sixteen days 

Nymphs An excellent opportunity to study the behavior of the nymphs 
was afforded by the small cages One nymph was observed feeding a few 
hours after emerging Unlike others observed, this one had its head bent back 
at a considerable angle, and the beak was still practically straight This ob- 
servation offered the suggestion that perhaps the beak at first is bent slowly, 
and even with some effort When it is completely bent, however, it remains 
always so No nymph has been obsened, after the first day or two m the 
soil, which did not have its beak placed almost at a right angle to the body 
The nymphs m the small cages appeared to thrive until placed in the open 
When examined October 10, however, no trace was found of any of them 

The large cages were examined February 3, 1927 The billow trees had died 
leaving all the 287 nymphs to die The grass, howe\er, was in good condition 
No nymphs were seen against the glass as were observ ed in the case of Tibicen 
margmalts (Walk) and Tibicen bifida (Davis), and an extensive search was 
not made because of the danger of injuring those that might have suivived 

Attempts to secure nymphs by digging m the Logan county locality were 
made on two occasions Each time a few were found, but the series is still in- 
complete In August, 1926, several nymphs were transported m mud cells by 
automobile to the laboratory Two days’ delay m transit necessitated the 
n>mphs being so confined for three days When removed, the> all appeared 
dead They were placed m an empty tray which was covered with a (lamp 
cloth ani left over night In the morning several of the nymphs were crawling 
about Two fourth- and fifth-mstar nymphs thus levived were transferred to 
artificial cells with roots running through them m a large cage containing 
willow Six days later well formed cells could be seen where three of these had 
been placed These were again examined Febraury 4, 1927, and found to be 
in good condition 

Tibicen dorsata (Say). 

Adults Tibicen dorsata (Say) is a large brown and black cicada with very 
conspicuous white pruinose spots It is close to Tibicen marginahs (Walk ) and 
Tibicen dealbata (Davis) as to size, but may be separated from them by having 
the fore wings with cross veins between Ra and R 4+6 and between the latter and 
Mu distinctly darkened 

Distribution and Habitat. This is one of the commonest Kansas cicadas 
and occurs in all parts oi the state Unlike Tibicen pndnosa (Say), it does 
no^prgfer trees, and therefore is not so common about the cities and towns It 
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i® a lover of the Wide open places, and, although it does not disdain to rest in 
a tree if there are trees about, it much prefers the open fields, even cultivated 
ones, and prairie land. It is very noticeable, in localities where this species 
occurs with Tibicen dealbata (Davis), that it is to be found out in the open 
perched on a briar, or even grass stems, perhaps not a foot above the ground, 
while dealbata will almost always be found in the larger trees of that locality. 

Behavior. The adults are easily located by the songs of the males. During 
the heat of the day, especially at the first of the season, the species is wild. 
All the cunning of a wild-game hunter is required, and then one must be quick 
to strike and sure of aim to take them. This species, when it has been struck 
at with a net and missed, has the habit of flying up an angle of about 45 degrees 
and going usually out of sight. If perchance the specimen does not go out of 
range of the eye, it will appear to fall almost straight down when coming to 
earth and will alight immediately. 

The song of the male is coarse and loud but not prolonged. As has al- 
ready been stated, it sounds not unlike the distant hum of a mowing machine 
or certain type of tractor. Not a few females have been collected from the 
cab of a Fordson tractor while plowing. The females Would fly about the 
engine and finally alight on it as it moved along. This species occurs so 
generally that it is difficult to find it plentiful enough to get much data. To 
render nymphs available by digging, a species must be localized m large num- 
bers, and such a brood of Tibicen dorsata (Say) so far has not been found. 

Emergence. This species appears in June and is pretty well gone by Sep- 
tember, although occasional specimens are found throughout this month. Per- 
haps the purest and one of the largest broods was studied in July, 1925, near 
St. Francis, Kan. Adults were out m large numbers July 3 in a large pasture 
covered with sagebrush. August 23 the adults were gone entirely. A bundle 
of stems of sagebrush bearing nests was collected at this time. Although the 
brood had disappeared so early in this locality in the extreme western part of 
the state, specimens were observed in eastern Kansas the same year until 
September 10, and in 1926 they were kept alive in outdoor cages until Sep- 
tember 30. 

Feeding. When furnished with the proper food this species will live, ap- 
parently happy, for several weeks in captivity, whereas, if confined without 
food the specimens die in a short time. Adults begin to feed within a few 
seconds after being placed in a live cage, and have been observed to feed 
frequently throughout confinement. 

Mating. Matings were observed both in captivity and in the, field. It is 
as has been described in other species. They may be end to end or side by side. 
Probably the latter is the normal way, and it is only by being disturbed that 
they change. 

Oviposition. (PI. XXXI, Fig. 5.) The female oviposits in anything that 
is at hand. Green tissue or dead is used without preference. Nests collected 
near St. FVancis, Kan., from sage brush were mostly placed in dead stems. 
Large numbers of nests were also made in captivity. Perhaps most of these 
were in green tissue, although dead twigs were provided sto the females could 
have their choice. The nests in green material resembles those of Tibicen 
marginalia (Walk.) as to arrangement and appearance. In dead material they 
may be scattered about or in single rows. This is governed somewhat by the| 
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size of the material used. If it is a large stem the nests may be scattered! 
while if it is a small twig they are usually in a single row. 

The number of eggs in each nest varies according to the kind of material 
in which the nests are placed. In soft material, either dead or green, the 
number varies from twelve to fifteen to the nest, while in hard wood the 
number varies from three to five, with a preference for three. After the last egg 
is laid the female cuts a few shreds of material from the limb by inserting the 
ovipositor at the end of the last egg, and cements them in place, thus very 
effectually closing the nest. This is done in either dead or green tissue. 

Egos. The eggs are spindle shaped, a little more pointed at one end than 
at the other. These, as other cicada eggs, are often distorted in shape to con- 
form to the chamber in which they are placed. They measure 2.75 mm. in 
length and 0.5 mm. in width, and are pearly white in color. 

The eggs collected in August, 1925, were suspended in the open until June, 
1926. June 10, red eyespots appeared, and June 12 an examination revealed 
some empty shells. June 13 the first nymphs emerged in the laboratory. The 
hatch appeared to be complete by June 29. This indicates that Tibicen dorsaia 
(Say) has an egg stage of about ten months and a hatching period of a little 
over two weeks. 1 

Fifty-two of the newly emerged nymphs were placed in small glass cages 
and seventy-seven were transferred to a large cage of Sorghasirum nutans. As 
with the other small cages of newly emerged nymphs, so Tibicen dorsata (Say) 
nymphs disappeared completely in a few weeks after having been placed in the 
open. The large cages were examined superficially February 3, 1927. The 
grass was in good condition. No nymphs were observed, but extensive search 
was not made through the soil. 

Extensive excavations in the sagebrush locality failed to reveal a single 
nymph. Cast skins could be found on the ground about the bushes, and old 
ovipositor marks were located, but the nymphs were apparently so evenly 
distributed over so large a territory that they could not be located with a 
reasonable amount of work. The sandy nature of the soil would render the 
tiny nymphs almost indistinguishable, thus adding to the difficulty of finding 
them. 

Better success was enjoyed in a sumac thicket in a pasture on Mr. A1 
Smith’s place, three miles west of Lawrence, Kan. Tibicen dorsata (Say) 
adults had been taken there in sufficient numbers to suggest the possibility 
of finding the nymphs. Excavations near old shrubs yielded a fair number of 
individuals on the first attempt. Occurring with these, however, were nymphs of 
Tibicen aurifera (Say). The fifth-instar nymphs could readily be distinguished, 
but the smaller ones required more study. Some of these nymphs were pre- 
served for laboratory work, and others were transplanted in small glass cages. 
When a second attempt was made to collect material it was discovered that 
sheep had eaten the sumacs and other shrubs so completely that it was im- 
possible to recognize where the first digging had been done. This attempt 
yielded very little material. Thus, while it has been demonstrated that the 
nymphs feed on perennial roots in cells from three inches to twelve inches 
beneath the surface, and that they will live on grass roots in small cages, no 
data have been obtained on the probable length of the life cycle. The series 
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of nymphs is not complete. They do add their bit of proof to the supposition 
that the nymphs of the different species within a genus are confusingly alike. 
This is not surprising when one considers that many of the adults are classified 
by size and color, characteristics which are not satisfactory with the nymphs. 

Tibicen pruinosa (Say). 

Adult. While Tibicen pruinosa (Say) is perhaps the best known cicada in 
Kansas, little information has yet been gathered on its life history. It occurs 
every year through several months in almost every grove in the state. Es- 
pecially does it predominate in cities and towns. Even in a locality where 
other species, such as Cicada kieroglyhica Say or Tibicen marginalis (Walk.), 
have been found in large broods in the woods surrounding the towns, the lazy 
“Za-wie, Za-wie” of Tibicen pruinosa (Say) is the song that lulls the inhabi- 
tants of the city to peaceful reverie or irritates them to murderous thoughts, 
according to the particular disposition of the listener. The nearest approach to 
a brood of this species which has yet been observed was found in September, 
1926, in an apple orchard near Waverly, Kan. No opportunity was offered, 
however, for an extensive study of this brood. Adults have been collected 
in Cherokee county and in Douglas county and their behavior studied in live 
cages. (PI. XXXIV, Fig. 5.) 

Habitat. As has been suggested, it is essentially a tree-loving species, and 
the adults are located by the singing of the males. Live specimens are col- 
lected by means of the long-handled net referred to previously. The females 
are located by scanning the surfaces of the limbs and trunks of the trees. They 
are so nearly the color of the host that some practice is necessary to enable one 
to see a very large per cent of those actually present. If the trees are small 
and the grove not too dense, specimens which escape may often be followed 
to their new position. In groves of large trees they have a disheartening 
tendency to fly to a higher perch when disturbed. 

Emergence. The largest numbers emerge at night, although it is not un- 
common to find nymphs crawling about in the daytime in search of a desirable 
spot for transformation, or to find specimens in some stage of this process dur- 
ing the day. Often one is found which has been fatally injured but is still 
alive and soft, showing that its emergence had been started in the daytime. 

On August 29, 1926, about a quart of cast skins were collected near the 
sidewalk along a half dozen city blocks with the idea of obtaining any in- 
formation these might offer. Some of them were on the ground at the base of 
the trees, others were on grass blades or weeds near the base, a much larger 
number, however, had found the trunks of the trees and crawled up. Skins 
could be seen 20 feet from the ground. No data have been obtained as to how 
high some had gone. 

At 5 p.m. a nymph was found about five feet from the ground, crawling 
slowly up the trunk of an elm tree. It was removed to the arm of the col- 
lector where it continued its crawling while the observer walked two blocks. 
It crawled in an upward direction. At the laboratory it was removed to an elm 
limb an inch and a half in diameter and two and a half feet long. When 
moved from one place to another with the hands it immediately resumed its 
climbing upon being released. When it reached the top of the limb the limb s 
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was inverted, and it turned around and began ascending it immediately*. 
About halfway to the top it stopped and carefully lifted and placed each pair 
of legs on the bark. No estimate could be made as to how far the emergence 
hole was from the base of the tree where it was found, but it was estimated that 
the nymph had crawled about twelve feet after reaching it, and had spent over 
one-half hour doing so. Having placed its legs satisfactorily, the daws of 
the middle pair firmly imbedded in the bark, the nymph rubbed its face and 
antennae repeatedly with its front claws. Then it stood quite still for a 
moment and again rubbed the front legs carefully over the head. It finally 
came to rest with the front claws suspended in the air. At 5:50 the skin burst 
slowly in a dorso-median line the length of the mesothorax. In three minute* 
the slit extended to the frontal suture, whence it quickly opened crosswise to 
the antenn®, at the same time extending backward to the first abdominal seg- 
ment. During this splitting of the skin no motion could be detected, but upon 
its completion a rolling motion within the body began. By 5:66 the body was 
bulging visibly through the opening. Four minutes later slight quivers were 
noticed in the mesothorax every few seconds. By 6 the head had slipped clear 
of the skin and the quiverings were more frequent. At 6:02 the first segment 
of the front legs was clear of the skin and the crurrfpled wings were emerging. 
At 6:05 the second joint of the front legs had appeared and only the tips of the 
wings were holding in the skm. The wings were very light green, orange 
and white mottled. At 6:08 the wings were free and the legs practically so. 
At 6:09 the wings were held horizontal to the body. The body was extended 
at right angles to the shell, ventral sid6 up. The body quivered again two or 
three times. At 6:11 it folded its tarsi a little. By 6:13 the abdomen was 
still holding but the feet were all free, and the mouth parts, which had been 
separated, all came together again in a normal position. At 6:14 the wings were 
expanding slightly; the hairs on the tibia had become black; the tarsi were 
orange and the remaining portions of the legs green. At 6:18 the wings ap- 
peared mostly light green, the body bent down from the horizontal at about a 
60-degree angle. At 6:23 the hind pair of legs moved a little and came to rest 
at right angles to the body. At 6:28 it raised the body up, caught hold of 
the exuvium with all legs, and began to move the wings, which were enlarg- 
ing rapidly. At 6:29 the abdomen was freed from the now empty shell. The 
genitalia (male) were protruding out and back. The wings were nearly one 
inch long, with the veins green. At 6:33 the left wing was enlarged noticeably 
more than the right. This was thought to be due possibly to the current of air 
on the left side caused by the explosion of flash-light powder. The wings were 
milkly to clear. At 6:38 it moved to the left side of the shell and off on to 
the limb. The wings were nearly full length, the genitalia still protruding. 
At 6:42 it moved the legs a little; at 6:48 the wings were much clearer but 
still held flat, the veins light green. At 8:50 the cicada had crawled to the top 
of the limb. The wings were held rooflike, the color markings pale, the body 
soft, the genitalia not entirely retracted. The following morning the cicada 
appeared a normal, mature male. He was placed in a live cage where he was 
later observed singing and feeding. 

The above is the only emergence which has been observed in such detail and 
timed as closely, but it is considered to be essentially characteristic of the vari- 
ous species. In nil eases it appears to be the claws of the middle pairs of legs 
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which hold the cicada while emergence if effected. The front pair of legs are 
left free to assist in freeing the loosening skin from the delicate structure of the 
anterior part of the body. 

Tibicen pndnosa (Say), like those already described, feeds on any conven- 
ient host at all hours of the day. 

Numerous matings were observed in captivity. The process requires from a 
few minutes to one and a half hours. More than one male may mate with the 
same female. It was interesting to note that the variety fulva Beamer, which 
has been found in Cherokee county only, intermates with Tibicen pndnosa 
(Bay) without discrimination. Dark males with light females, dark females 
with light males, light males and females, and dark males and females have all 
been observed mating in the same cage. Other males in a cage become greatly 
excited and sing lustily when a pair is in copula. 

OviposmoN. In most of the cases of oviposition which have been observed 
in the field the female was using the corky bark of the trunks or the large 
limbs of live trees. In cages where the live host is small green twigs ovi- 
position has always been in dead limbs placed in the cage for that purpose. 
No nests have been found in small green limbs. They are placed at random. 
The external appearance is similar to the hole made by inserting a pin into the 
bark. Observations would tend to show a preference of the females in nature 
for relatively low positions on the trunks of large trees. Very often nests are 
placed no higher than on a level with one’s eyes. The females can often be 
observed at short range in the field, although th*y are more wary than some of 
the smaller species. 

Tibicen auletes (Germar). 

Adult. Tibicen auletes (Germar) is the largest species of cicada known to 
occur in Kansas. It measures 40-42 mm. in length. In color it is greenish 
brown and black. Newly emerged specimens are almost entirely covered with 
pruinosity. 

Distribttion and Habitat. Thi^ species occurs practically all over eastern 
Kansas. It is, as a rule, not an abundant species. A male may be heard sing- 
ing almost any day, but very rarely does one hear many. A rocky draw run- 
ning east from Lyons creek jivd east of Woodbine, Kan , is the only locality 
where a brood has been located. There, in 1923, a large brood of this species 
was found. This locality has been visited each year since in the hope of 
obtaining data on the length of the life history of this species. In 1924 there 
appeared to be almost as many specimens out as in 1923, but none were found 
in 1925, and only an occasional one in 1926. 

Tibicen auletes (Germar) is easily detected by the song of the male which, 
at least in this region, is loud and harsh. The song begins slowly, gradually 
increasing to a crescendo and then subsides. It is represented by the following: 
T - T - T - T-T«T-d-d-d-d-d-d-d-T-T-T. The T is repeated slowly and the d 
quite rapidly with a crescendo in the middle. The noise is fairly deafening 
during the hours when a large brood sings. Greater numbers sing from 9 to 11 
a. m. and from 2 to 5 p. m. 

Rocky ravines and hillsides covered with oak trees, Quercus stcllata , etc., are 
preferred habitats. The adults are not unusually wild, and if the trees are 
short the specimens may be taken easily with a net. 
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Opposition. The females, in all cases observed, were ovipositing in the 
dead limbs of the oak trees which they frequent. The limbs used were about 
three-quarters of an inch in diameter and had been dead for some time. The 
nests are not placed in any regular manner. They were usually on the under 
surface of the twig and very hard to locate if the female was not present, as the 
opening appears about as any other abrasion of dead bark. Oviposition occurs 
in August and September. 

No rearings have been attempted on this species. Material has been too 
scarce the past two years to secure eggs and thus begin rearings, and the habitat 
in which this species delights is so rocky that digging for nymphs in the field is 
practically impossible. 


Tibicen chloromera (Walk.). 

Aduw. Tibicen chloromera (Walk.) is a medium-sized cicada, almost black 
in color. It may be separated from Tibicen lyricen (DeGeer), which it closely 
resembles, by its very long opercula and by the white color of the venter. 

Distribution and Habitat. This species is confined to the southeastern 
portion of the state, having been collected in various parts of Cherokee county, 
but studied in detail only in a birch thicket about four miles northwest of 
Hallowell, on the farm of Mr. Wm. Payne. Here a large brood was observed 
in 1923, and many specimens were taken. Comparatively few individuals oc- 
curred in 1924 and 1925, but in the summer of 1926 another large brood oc- 
curred. This locality was visited August 26, and again the second week in 
September. In the early morning the woods rang with their song, but by 10 
o’clock it had subsided, and throughout the remainder of the day only an oc- 
casional individual was heard. One might have spent considerable time in the 
woods in the afternoon without being aware of the presence of this species, al- 
though males of Tibicen marginalia (Walk.) and Tibicen pruiuosa (Say) sang 
in great numbers throughout the day. 

A few specimen*? of this species have been heard singing in July, but the 
greatest numbers occur from the latter part of August till the middle of Sep- 
tember. Males confined in cages sing, but not as frequently and persistently 
as those of the other species studied at the same time. 

Feeding. Adults have been observed feeding on birch, maple and apple, 
all hosts on which specimens have been caged. They feed freely and often, 
as do the other species. 

Mating. Matings were observed frequently in captivity. A pair remains 
in copula for from one-half hour to over an hour. Several specimens were 
confined for several hours in a large pasteboard box with specimens of other 
species during their transportation from Cherokee county to Lawrence, Kan. 
When they were removed to live cages after the trip, a female Tibicen 
chloromera (Walk.) was found in copula with a male Tibicen pruinosa (Say). 

Oviposition. One female was observed in the open making a nest in a green 
birch limb less than one-half inch in diameter. She made one nest and sealed 
it carefully with a secretion, then began another nest, when a careless motion 
frightened her away. She allowed the observers to bend the limb on which 
she waa working several feet nearer the ground and to watch her at a distance 
of perhaps four feet for several minutes. Another female observed in nature 
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was ovipositing in dead willow. She, too, was relatively gentle, allowing the 
observers to approach to within a few feet of her. Several pairs were confined 
in live cages over birch, maple and apple. In cages the females used dead 
tissue exclusively for nidification. In all cases the nests were closed with se- 
cretion. 

The nests are placed irregularly. From the meager data obtained one 
would infer that the females do not lay as many eggs as m many other species; 
or at least, if they do, that they scatter their nests far apart and oviposit 
over relatively long periods of time. Very little external evidence is left when 
the nest is completed. The external opening is entirely filled with a gluelike 
substance appearing externally much as a bit of the gum which exudes from 
a wound in a cherry or peach tree. Specimens of this species confined the 
same length of time as other species laid far fewer nests. 

From nine to eleven eggs are placed in a nest. They are arranged in two 
rows similar to those of Tibicen ccurijera (Say), etc. (PI. XXXI, Fig. 3.) The 
nests are very close to the surface of the twig, and the last egg in a great 
many cases extends almost flush with the bark. (PI. XXXVIII, Fig. 5.) 

The eggs are 2.33 mm. in length and about 0.5 mm. in width. They are 
white and of the same general shape as other cicada eggs. None ha\e been 
hatched m the laboratory. 

Tibicen lyriccn (DeGecr). 

Adult. Tibicen lyriccn (DeGecr) is a medium-sized cicada, black m general 
color with some brown markings. It resembles very closely Tibicen chloromera 
(Walk.), from which it may be easily recognized by the smaller and more 
sharply pointed opercula. 

Distribution. This? species seems to be fairlv well distributed over the 
eastern half of the state. Only occasionally does it occur in fairly large broods 
in any one locality It is usually represented by a few specimens in almost 
all woodland. 

H\bitat and Bbiiamor. This species is fond of trees, the larger the better. 
It is only where the fortMs are low that one may take the species easily with 
a net. The adults are readily located by the songs of the males. These are 
of short duration and charact eristic of the species. Thev resemble somewhat 
those of Tibicen chloromera (Walk.) but do not have the crescendo of the 
latter species. 

Emergence. Tibicen lyriccn (DeGecr) has been collected from July 13 to 
September 18. The greatest numbers occur in August. One locality about 
five miles south of Gurnett, Kan., where a large brood of this species appeared 
in 1923, has been under observation each year since. This place is a north 
slope too poor to support but a very meager vegetation. Persimmon trees 
growing there are not much over the height of an ordinary man; and other 
vegetation in proportion. This made an ideal location to observe the adults, 
and it was here that the females were observed in oviposition. Small dead 
persimmon twigs were chosen, smaller than a lead pencil. When the nest was 
completed the opening was filled with secretion and the torn shreds of the host 
so well replaced that it was next to impossible to find the nest after the female 
had gone. 
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Oviposition and Nbsts The nests occur singly scattered over the twigs. 
They may be placed either m dead or live tissue As was published m Annals 
of Ent Soc. of Am., Vol. XVIII, pp 479-482, the nests differ from other 
species m that one, two or three nests may be made from one external 
opening. The nests may all be m the same general plane, radiating from a 
common center, or one may be below the others. 

Eogs There are from siv to twelve eggs in a nest, placed m the regular 
order and of about the regular sise No data have been secured recently on 
this species, as it has not ap{>eared in large numbers the past two seasons, and 
attempts to dig for nymphs hav e resulted m failure. 

Tibicen linnei (S. & G.). 

Adults Tibicen linnet (S & G ) resembles Tibicen prmnosa (Say) very 
closely m general appearance, but the songs aie markedly different The 
former is reputed to have a bend in the costal margin of the front wing, while 
the latter has the costal margin an e\ en cun e In reality specimens collected 
and confined m live cages have shown the inaccuracy of separating them by 
these characters alone After a careful study of many specimens of both these 
species the shape of the posterior end of the opercuia seems the only in- 
fallible character (PI XXX, Figs 4, 5 ) This is a character which is easily 
seen, and proved constant for a great many specimens which had been killed 
while singing 

Distribution vnd Habitat This species occurs only in the northeastern 
third of state It fives in trees, the same as Tibicen prumoia (Sa>), and 
m this section is to be found closely associated with it 

Behavior The males aie located by the song This sounds much as a 
few bits of glass would if rattled m a tin box The males have been observed 
to crawl nervously about during the song, either backward or forwaid but 
not going far in either dnection 

Emergence No large broods have been obseived During the fall of 1926 
many hours were spent collecting five adults of both Tibicen Unnci and prm - 
nom, for it was impossible to tell them apart even after they were taken At 
thfe tune a study of the distinguishing characters had not been made At- 
tempts to separate the two species by the curv e of the wing resulted m failure. 
Several specimens were isolated bv this character for Tibia n Imnei (SAG) 
only to have the males, in practically ev ery case, smg out in the approved song 
of Tibicen prumosa (Say) Specimens of Tibicen linnet were obtained, but m 
no case wheie oviposition was obtained of isolated specimens did this individual 
prove to be the desired one Hope was held that if males could be located 
by their song and placed in live cages with females of the two species their 
mating would identify the females However, since individuals of different 
species hav e been known to mate, this does not offer an infallible proof While 
Tibicen linnet was heard singing almost daily for several weeks during the sum- 
mer and fall of 1926, it did not occur in sufficient numbers to make extensive 
study easy. Almost invanably the males which were emgmg could be traced 
to a perch high above the reach of the longest net, and attempts to climb for 
them iwiltDd in frightening away the cicada, which flew high and far out of 
eight 
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Magieicada septerukcim (Linn.). 

Magicicada septendecim (Linn,) is not mentioned here with the hope or 
thought of adding anything new to its life history. It being the one species 
whose life history has been recorded, has been used as a control. A brood has 
not emerged in Kansas since the present work was started, and hence no com- 
parison from first-hand data can be made on the adult behavior, the egg, 
or first nymphal stages of the species with the others studied. 

A locality covered with locust trees was found west and south of Lawrence 
on the Wakarusa river where Dr. H. B. Hungerford had collected this species 
in quantities in 1911. Digging in this locality yielded nymphs in unsuspected 
numbers and gave an excellent opportunity for the study of nymphal behavior 
in nature, and also gave abundant material for laboratory experiments. It is 
to be regretted that this rich field was not located sooner, so that the first 
♦experiments with cages and hosts might have been conducted with them. 
With such experimentation much of the valuable material which was lost 
might have been saved. 

Only two broods of this species are recorded for Kansas each seventeen 
years. These belong to Marlatt’s broods Nos. 1 and 4. Brood No. 1 will 
emerge in 1928, and brood No. 4 in 1930. Both broods were represented in 
the material dug in this locality. Individuals of brood No, 1 were in the fifth 
stadium and were perhaps ten times as numerous as those of brood No. 4, 
which were in the fourth stadium. Considerable difference was noted m the 
size of the individuals within the stadium. Some appeared just to have molted, 
others appeared to be mature. How much variation there may be in nymphs 
which will emerge the same season cannot be given at this time. Considering 
the probable presence of the variety cassinii (Fish.) with the seventeen-year, 
one would expect considerable difference m the nymphs. However, some ob- 
servations ha\e been made which show there are different aged specimens 
present. 

Early in the spring of 1926 many nymphs were preserved and several of 
both instars were placed in live cages. In June an adult w*as heard singing 
in the trees near the laboratory, and a careful study was made of the locality 
W'here digging had been done. Occasional emergence holes were observed; a 
dosen skins could have been collected without difficulty; a male specimen of 
•camrni (Fish.) was taken alive, still soft, and an occasional male could be 
heard in the trees. There were too few, however, to obtain much data on 
them. The male taken alive lived for two weeks and sang daily in a cage over 
cherry. A number of other specimens were taken m various localities scattered 
over southeastern Kansas this same spring, and numerous others were heard 
singing. Of the nymphs in live cages a large per cent of them lived, feeding 
on grass roots, even though the cage was little thicker than the cell.' Two of the 
fourth-in&tar nymphs molted into fifth in captivity while the others remained 
in the fourth stadium, showing again that all would not emerge the same year. 
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CONCLUSIONS. 

From the data recorded in the preceding pages, it seems logical 
to conclude: 

1. Adult cicadas may be transported long distances and kept in 
live cages for as long as three weeks, singing, mating and ovipositing 
normally. 

2. Adults feed frequently by sucking juices from living plants. 
Neither nymphs nor adults are specific feeders. 

3. Females of most species will oviposit in a wide variety of hosts, 
but show a preference for certain types of material. The number of 
eggs placed in each nest varies with the species and with the type of 
material. 

4. Females of most species exude a gluelike secretion into the 

nest before leaving it, and when this is done their eggs are not af- 
fected by the withering of the host. < 

5. Eggs of different genera and species vary in appearance when 
laid only as to size. During maturation the eggs of some turn pink, 
while those of others remain white, the pink color persisting through 
the first-instar nymphs only. 

6. The eggs of all the genera except Tibiccn hatch the same sea- 
son they are laid. All the species of Tibiccn except two overwinter 
the first year in the egg stage — Tibicen bifida (Davis) and Tibiccn 
vitripennis (Say). 

7. Temperature and moisture influence the time and rate of 
hatching of the eggs. 

8. For practical purposes the nymphs require soil to thrive. 

9. Nymphs feed throughout the greater part of the year, at least, 
and cannot subsist on annuals. 

10. Nymphs may be taken from the field, transported long dis- 
tances in artificial cells and placed in cages, where they continue 
development. 

11. Nymphs remain in the same cell if the food is satisfactory, 
but will burrow extensively if the host dies. 

12. There are five instars, with no evidence of a pupal or resting 
stage before emergence. 

13. The number of segments of the tarsi change from two to one 
and back to two again during nymphal life. The number of setae- 
bearing spines on the apex of the tibiae also change. 

14. Emergence is predicted by deepening of body color in many 
cas$3, and always by darkening of eyes from white to red or black. 
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16 , Tfa« complete life cycle msy be ran in captivity, 

$6, All K&nsa# cicadas have a life history covering several years, 
That 6l Melampmlta calliope (Walk.), the smallest of our Kansas 
cicadas, is completed in approximately four years. 


BIBLIOGRAPHY. 

Ashton, H. Notes on the “Hairy Cicada/' Tettigarcta ennita Proc. R. Soc. 
Viet. Melbourne, pp. 238*236; 1924. 

Annandale. Malay method of attracting Dundubm. P. Zool Boo. London, 
pp. 859*802; 1900. 

Barber. The Eggs of Cieada lyricen. Proc. Ent. Soc. Wash , D. C., 210 f 2; 
1913. 

Brambr, R. H. Notes on the oviposition of some Kansas Cicadas Ann. Ent 
Soc. Amer., pp. 479-482 ; 1925. 

Ben ham, W. B. Tr. N. Zealand Institute, XXXII, pp. 4-8, pi. I ; 1900. 

Discos. Abundant liquid discharge of Poenlopsaltna subrufa . J. Bombay Soc., 
X., p. 535; 1896. 

Clark, F, C. Song of cicada Nat., 9:70; 1875. 

Davis, Wm. T. Song of Cicada pruuiom. Ent. News, p 458; 1910. 

Distant, P. E. Soc, pp n, ni. Dundubux sound organs. 1881. 

Fabre, J. H. Habits of Mediterranean Cicadidse. Souvenirs, V, chaps. XIII- 
XVII; 1897. 

Fboggat. Habits of some Australian Cicadid®. P. Lmn. Soc N. S. Wales, 
pp. 526-532; 1895. 

Gadd, G. Notice sur les Cigales de la Crimee Revue russe entomologie St. 
Petersburg, 141-145; 1908 

Gird, A. La Cigale et d'autros Insects Attir's par Certains bruits. Act. Soc. 
Chili, V, pr, V, LXV and LXVI; 1895. 

Hargitt, Ch. W. The digestive system of the periodical Cicada. Biol. Bull , 
. Woods Hole, Mass., pp. 200-212; 1923. 

Hassblt, A. W. M. Von. Studies on the sound organs. Tijdsehe. Ent. XXV, 
pp. 179-212; 1882. 

Hickkknell, L. M. The digestive system of the periodical Cicada. Biol. 

Bull., Woods Hole, Maas., pp. 213-221, 4 pi.; 1923. 

Horvath and Abeille. Bull. Soc. Ant. France, pp. 170-171; 1896. 

Imhof. Structure of the wmgs of Cicadida*. Zeitchr. Wis. Zool., LXXXIII, 
pp. 211-223; 1905. 

Jacobi, A. Em ScbriHapparat bei Smgcicaden. Zool. Anz Leipzig, pp. 67-71; 
1907. 

Jones. Shrill notes of Brazilian Cicadas. Naturalist (2) 9, pp. 129-130; 1884. 
Krumbach, T. Singcicaden lm Roten latrien. Zool. Anz. Leipzig. (1-11); 
1919. 

Latasts, F. Mode of capturing Cicadas. Act. Soc. Chili, V, pp. 3-5; 1895. 
Lanooxs, H. Songs of Cicadas. Leipzig Verlagon von Wilhelm Engel man; 
1867. 

Lawson, P. B. Cicadid® of Kansas. Kansas University Science Bull., vol. 
XII, No. 2. 

Lucira. Cylochtla axistralasioc Don,, sound organs of. Tr. R. Soc. Viet. XXIII, 
pp. 173*178; 1887. 

Marshall. Senses and voices of African Cieadid®. ^Entomologist, pp 42-48; 

1886. 



The Univebsity Science Bvwet fat. ■ 


Matsu mura. List of Japanese Cicadid®, with notes on voice, habits, ate. 

Armot. Zodl. Japan, II, pp. 1-20, pi. I; 1898. 

McMahon. Sena qutenda in periodic swarms. P. Z. S„ p. 147; 1910. 

Mbe*. The mouth parts of Cicada and Hemiptera generally. Bull. Univ. 
Kansas II, pp. 257-277, pis. VII-XI. 

Mbuchan. Description of a Cicadid larva from Cameroon. Brgeb. Zweit. 

Deutsch Zentral Afr. Exped, I ; 1914. 

Middunum, C. S. Sound production. Nature 33:582; 1886. 

Morgan. Sound-producing apparatus of Platypleura capensis. Nature 
XXXIII, p. 368; 1886. 

Myers, I. and J. G. The sound organs and songs of New Zealand Cicadida. 

Kept. Austral. Ass. Adv. Sci., Sydney, pp. 420-430; 1924. 

Newell, W elm an. Notes on little known insect enemy of cotton and com. 

U. S. Dept. Agri., Bureau of Ento. 60, pp. 52-58. 

Osborn and Metcalf. Life History of Tibicen vindifascia. Ent. News, pp, 
248-250, pi. Ill; 1920. 

Poulton, E. B. The courtship of the Cicada Monomat apa insignia Diet., ob- 
served in Tanganyika territory. Proc. Ent. Soc. London, pp. lxiii-lxvi; 1922, 
Rainbow. Copula between Cyclochila and Thopha. Ree. Austral. Mus. V, p. 
116; 1904. 

Reaumur. Memories Pour Sevir A LTIistoire Des Insects, pp. 145-206, 5 
plates; 1740. 

Rossi, A. Sul Modo di Terminase dei Nervi Mei Muscoli dell Organs Sonora 
Della Cicada. Rend. Acc. Bologn., pp. 119-200; 1879. 

Silvestri, F. Sui loro parassiti e descrizione della loro larva neonata e della 
ninfa. Boll. Lab. Zool. Portici., pp. , 91-204; 1921. 

Snodgrass, R. E. Insect musicians— their music and their instruments. 
Smithson. Rept., 443-447 ; 1923. 

Mouth Parts of the Cicada. Proc. Ent. Soc. Wash., pp. 1-15, 2 pi.; 1921. 

Swinton, A. H. Sounds of Insects; Zool. Lond., 145-153; 1909. Zool. London 
1908, 376-389; and 1910, 426-432. 

Vogel, R. Auditory Organs in Cicadas Jehreshefto Ver. Natk. Stuttgart; 
1922, pp. 46-47. 

Wilcox. Spermatogenesis of Cicada tibicen. Bull. Mus. Harvard, XXVII, 
pp. 1-32, 5 plates; 1895. 



EXPLANATION OF PLATED. 

• i»;n > 


l.V-XMl 



232 


The University Science Bulletin. 


PLATE XXVIII. 

Fk.. 1. A typical habitat of Tibm n bifida (Davis) in Scott county, 
Kansas 

Fiu. 2. A meadow habitat of Mihuapvdla calliope (Walk.) eleven miles 
west of Lawrence, Kansu*. 
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PLATE XXVIII 
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PLATE XXIX. 

Fie. 1. A typical view in the Heaver Clock \ alley, Scott county, Kansas. 
The grassy plot in the foreground is tin* location from which the hundreds of 
Mclampsalta calliope (Walk.) nymphs were taken. The powms in the fore- 
ground wore observing the oviposition of this cicada at the' time the picture 
was taken. 

Fhj, 2. Digging for M i lampxnlta calliope (Walk ) nymphs m Scott county, 
Kansas. Breaking up the sod over a dirt table. 
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PLATE XXX. 

Fit;. 1 . Mrhtmpxalta cnUiopi (Walk.) ovipositing in sweet clover. 

Fkj. 2. Tibircn tnarijinahs (Walk.) ovipositing in (load willow. 

Fit;. 3. Tibia n aunft r<i (Say) o\ipovitmg m Ptnuaun rminlum near Mid- 
land, J\an., September 22, 1923. 

Fit;. 4. Vent or of Tibia ti prunmxa (Say), diowinji tho inoro rounded 
operculu. 

Fit;. o. Venter of Tibia u hum t (S. (1.). ."bowing the pointed opereula. 
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PLATE XXXI. 

Fig. 1 . Enlargement of a stem of Panicuni virgatnm, showing the external 
opening of three nests of Tibicen aunjira (Say). The tissue of the plant is 
very carefully patted back into place by the outer Valves of the ovipositor 
after a sticky secretion has been placed on it. 

Fig. 2. Grub of a small green hvmenopteron belonging to the genus Syn- 
tomaxpis, in place in the nest of Tibicen auriff ra (Say). Same magnification 
as the eggs in Fig. 3. 

Fig. 3. Nest of eggs in a stem of Pantcnm virgalum made by Tibia n auri- 
jera (Say). This shows the typical arrangement of the eggs in the nests of 
most of the species studied. 

Fig. 4. Rows of nests of Tibicen nurifera (Say) in stems of Pnnicum vir- 
gatum. Note the even arrangement. 

Fig. 5. Nests of Tibicen dorm to (Say) in sagebrush. 

Fig. 6. Nests of Tibicen dealbata (Davis) in cottonwood, showing how the 
young limbs are macerated by the ovipositor. 

Fig. 7. Nests of Tibicen marginalia (Walk.) in birch. The smaller twigs 
are often killed by oviposit ion. 
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PLATE XXXII. 

Fig. 1. Scars on birch limbs one year after oviposit ion by Ttbicen mar- 
ginalia (Walk.). 

Fie. 2. Nests of Mclampmlta calliope (Walk.) in sweet closer. Some idea 
of the number and arrangement is shown. Very often not a single branch of 
the entire plant escapes. 
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PLATE XXXII. 
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PLATE XXXIII. 

Fig. 1 . A capo using 8 by 10 glass, containing nymphs of the seventeen- 
year cicadas. One of the nymph* dug through the base of the cage in the left- 
hand corner. 

Fig. 2. Bottom of the cage shown in Fig. 1, with the exit hole of the Magi - 
cicada m ptcudecun (Linn.), fifth-instar nymph. 

Fig. 3. A large pot of Patucum virgalum, showing the extensive root mass. 

Fig. 4. Lump of dirt broken open, showing a fifth-instar nymph, seventeen- 
year cicada’s cell and nymph. 

Fig. 5. A large potato containing four fifth-instar seventeen-year cicada 
nymphs in artificial cells. The cells are closed with small squares of celluloid 
inserted in slits in the potato. 

Fig. 6. A small glass-sided cage containing orchard grass from which a 
M elampaalta calliope (Walk.) nymph has just emerged. Part of the tunnel is 
shown as well as the exuvium just to the right of the plant. 
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PLATE XXXIV. 

Fig. 1 . Tibia n aurijvra (Say) mating on a compass plant near Garnett, 
Kan., September 7, 1926. 

Fig. 2. A close view of some of the hard, stubby limbs of the oak, Qucrcus 
marilandica, in which Cicada huroglyphica Say delights to make her nests. 

Fig. 3. Nest of Tibicvn dealbata (Davis) in cottonwood, side view, showing 
three eggs and the torn tissue at (a) which is pushed up to close the nest. 
This is accomplished by an additional insertion of the ovipositor. The ma- 
terial is held in place by a secretion. 

Fig. 4. Tibicen bifida (Davis) ovipositing in the flower stalk of a yucca 
plant in Scott county, Kansas. 

Fig. 5. Live cage on elm for Tibiccn pruinosa (Say). The adults live, ap- 
parently content, in this type of cage*. The mosquito netting from which they 
are made does not injure the specimens when they fly against it. 
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PLATE XXXV. 

Fig. 1. Right antennae of various instars of Melampsalta calliope (Walk.) 
Fig. 2. Caudal aspect of the head of Melampsalta calliope (Walk ). 

Fig-. 3. Dorsal aspect of the head of M dampialta calliope (Walk ). 

Fig. 4. Lateral aspect of the head of Melampsalta calliope (Walk.). 

Fig. 5. Cephalic aspect of the head of Melampsalta calliope (Walk.). 
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PLATE XXXVI. 

Morphology of the adult of Melampsalta { calliope (Walk.). 

Fio. 1. Cephalic view of prothorax. 

Fig. 2. Lateral view of prothorax. 

Fig. 3. Dorsal aspect of prothorax. 

Fig. 4. Ventral view of thorax. 

Fig. 5. Dorsal aspect of raeso- and metathorax. 

Fig. 6. Ventral view of the abdomen of 9 (female). Is, first abdominal 
stemite; IIs , second abdominal stemite, etc. 

Fig. 7. Ventral aspect of abdomen of male. 1st, first abdominal stemite; 
Vllh, eighth abdominal stemite. 
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PLATE XXXVII. 

Melampmlta calliope (Walk.). 

Fig. 1., Tip pi abdomen of first instar. XIb, eleventh steraite, etc. 

Fig. 2. Tip of the abdomen of the second instar. 

Fig. 3. Tip of the abdomen of the third instar 9 (female). 1st v, first pair 
of valves of ovipositor; 2nd v, second pair of valves, etc. 

Fig. 4. Tip of the abdomen of the third instar $ (male). 

Fig, 3. Tip of abdomen of fourth instar 9 (female). 

Fig. A Tip of the abdomen of the fourth instar 3 . 

Fig. 7. Tip of the abdomen of the fifth instar $ . 

Fig. 8. Tip of the abdomen of the fifth instar 3 . 

Fig. 0. Ventral view of cedagus. 

Fig. 10. Lateral view of cedagus. 

Fig. 11, Lateral View of tip of 3 abdomen. 

Fig. 12. Tenth and eleventh tergites with appendages enlarged. 
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PLATE XXXVIII. 

F 10 . 1. Front legs of the nymphal instars of Melampealta calliope (Walk.) 
drawn to scale. Note the development of the comb. 

Fro. 2. The front legs of all instars and adult of Cicada hieroglypktca Say 
drawn to scale, with the exception of the first, which is larger. 

Fig. 3. A nest of Proama venosa (Uhl.) m the dry, fruiting stem of a grass. 

Flo. 4. A nest of Melampealta calliope (Walk.) in a stem of sweet clover, 
showing the fan-shaped arrangement sometimes used. 

Fig. 5. Eggs of Tdncen chloromera (Walk.) in a dead elm limb. Note the 
secretion in the outer end of the nest. 

Fig 6 . Apex of tibia and tarsi of nymphal instars and adults of Melamp- 
salta calliope (Walk.). Note that the first instar has two tarsal segments, the 
second, third and fourth have but one, the fifth has two, and the adult three. 
All views of the right hind leg. 

Fig. 7. Front leg of the fourth instar nymph of Melampsalta calliope 
(Walk.), (a) Femur; (6) tibia; (c) tarsus; (d) comb. 

Fig 8 . Front leg of the fifth-instar nymph of Melampscdta calliope (Walk ). 
Lettering same as in Fig. 7. 
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PLATE XXXIX. 

Mefamptalta calhope . 1 

Fra. 1. Egg X 80- 
Fig 2. First instar X 80. 
Fra. 3. Second instar X 10. 
Fra. 4. Third instar X 10. 
Fig. 5. Fourth mst&r X 5. 
Fig. 6 . Fifth instar X 0 . 
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PLATE XL. 

Proama venosa (Uhl.) 

Fig 1. The egg X 20. 

Fig 2 First mstar X 20. 
Fig 3. Third iastar X 8. 
Fig. 4 Fourth uistar X 8. 
Fig. 5. Fifth anstar X 5* 
Fig. 6 Adult X 5. 
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PLATE XLI. 

f 

Cicada hieroglyphic* Say. 

Fig 1 The egg X 30. 

Fig 2 First mstar X 2G. 
Fig 3 Second ipst&r X 10 
Fig 4 Third instar X 8 
Fig 5 Fourth instar X 3 
Fig 6 Fifth instar X &- 




PLATE XLII. 

Cicada hieroglyphica Say. 

Fig. 1 . The antenn© of the nymphal instars and the adult drawn to scale. 
Note the bulblike tendency of some of the joints of the nymphal antennas. 

Fig. >2. Tip of hind leg of all nymphal instars and adult, showing tarsal 
segments and setse-bearing spines as well as the tarsal claws. 
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PLATE XLIII 

Tibicen aunjera (Say). 

Fig 1 First instar X 20 
Fig 2 Second mstar X 10 
Fig 3 Third mstar X 8 
Fig 4 Fourth mstar X 5 
Fig 5 Fifth instar X 5 
Fig 6 The egg X 20 
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INTRODUCTION. 

T HE purpose of this paper, after about one year’s study, is to 
give what additional knowledge has been secured for the genus 
Buenoa of the family Notonectidae. It applies especially to Buenoa 
margaritacea Bueno with its recently discovered haemoglobin cells. 
While the study began with these very interesting cells, it has ex- 
tended to and included life-history observations, external and in- 
ternal morphological studies, genitalia, and specific characters upon 
which distinct species may be based. 

In the Canadian Entomologist for November, 1922, Dr. H. B. 
Hungerford, of the University of Kansas, reported the presence of. 
oxyhemoglobin in definite cell clusters in the above-named species. 
This he proved by means of a spectroscopic test, the haemin crystal 
test, and chemical tests such as Weber’s guaiac test for blood. All 
the tests gave positive results, and he wrote: 

* Submitted to the Department of Entomology and the faculty of the Graduate School of 
the University of Kansas in partial fulfillment of the requirements for the degree of Master 
of Arts. 
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. . And we are thus able to report that we have in this ease an insect 
containing definite, bright red clusters of cells, enmeshed and closely associated 
with the tracheal system of the abdomen, which contain oxyhemoglobin. 

“Ift the case of Ckironomu & (the bloodworm), which has been cited fre- 
quently as the only insect possessing hemoglobin, the red fluid is free in the 
body cavity, and when the larva is punctured flows out at once Rollett (72) 
m 1861 discovered haemoglobin crystals m this pigmented material and 
Lankester (47) in 1867 noted that it gives the characteristic absorption spec- 
trum of haemoglobin Cuenot (21), 1881, who investigated the blood and 
lymphatic systems of many vertebrates and invertebrates, is often cited in 
connection with the above case ” 

Then follow his remarks on the only other known example be- 
sides Buenoa of an insect containing haemoglobin cells in definite 
attached clusters, and he says : 

“A case more interesting, and structurally more like the one I am reporting, 
is that of the larva of Gastropfulus equi Berlese (3) gites a discussion of the 
literature relating to the discovery and study of certain pmk cells related to 
the tracheal system m these botfly larva* He cites* Vaney (81) as showing 
that the red color of these ‘cellules tracheales’ is due to haemoglobin, which 
he appears to have thought was secured m some manner from the host. Vaney 
found further that the haemoglobin tended to disappear following the lar\al 
period. Both the above-mentioned records are m the Diptera We are pleased, 
therefore, to report the presence of oxyKsemoglobin m definite cell clusters m 
the free-swimmmg aquatic hemipteron Buenoa, and to suggest that it is, no 
doubt, present also m the closely allied genus, Armops * Since these insects 
are not parasitic, the haemoglobin is produced by them, and has a normal 
physiological function to perform ” 

In a footnote at the bottom of the page he has stated that “a com- 
plete study of the histology and development of these interesting 
cells is under way.” It is in accordance with this footnote that these 
studies have been undertaken 

Since the work started it was stated that a careful study should 
be made of the genitalia and other structures, for it was felt that the 
genus contained several other species as yet undescribed because of 
the dearth of specific characters upon which to base them. So, in 
addition, these studies have been worked out as carefully as the 
time and materials available have permitted, and they are grouped 
together m this paper with the hope that they will become a valuable 
part of the knowledge of insect life. 

Much appreciation is due to Dr. H. B. Hungerford for the mate- 
rials he has loaned, for his kindly suggestions and encouragement, 


* See Poisson Amttopi producta Fieb , m Archives de Zodlogie Experimental*, T 68, 
Fas. 4, pp 182-208 , 1928 Since the completion of thn thesn, ten pages and six figure?' are 
devoted by this European worker to the hemoglobin cells or "cellule* tracheales’ 7 of the 
genus Am§ops 
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and for his guidance in the conduct of these studies; also, to Dr. 
P. B. Lawson for his aid in the morphological studies; and to Miss 
‘Kathleen Doering, Mr. P. A. Readi<>, Mr. R. H. Beamer, Mr* Wil- 
liam Robinson, or any others who may have assisted in any way 
or been interested in these problems. 

In order to more fully understand the group of insects here con- 
sidered, it may be well to mention the more important fact of their 
phylogenetic and systematic relationship, life history, and other 
points of more general interest before beginning with the more 
specific parts of the investigation. The Notonectidse belong to that 
great group of the Hemiptera-Heteroptera, sometimes called the 
Cryptocerata, and seem to be closely related to the Corixidae. 

TAXONOMY. 

In University of Kansas Science Bulletin, volume XI, page 165, 
Doctor Hungerford discusses the family Notoneetid# as follows*. 

“The family Notonectid® embraces, according to Kirkaldy, two subfamilies, 
Plein® and Notonectin®. In his ‘Revision of the Notonectid®, part 1/ in 
Trans. Ent. Soc. London (3), VoJ. 35, pp. 303-426, 1897, this author begins his 
Systematic revision of the family. This is continued in a second paper which 
appeared in the ‘Weiner Entomologischen Zeitung’ for 1904, and entitled ‘Uber 
Notonectiden.’ 

“In the following year Bueno published ‘The Genus Notonecta in America 
North'of Mexico.’ 

“Kirkaldy lists six genera in the subfamily Notonectm®: Notonecta L., 
Am»ops Spin., Enithares Spin., Martcarega B. White, and Nychia Stal. It is 
in his second paper that he erects the genus Buenoa which is allied to Anisops. 
In this country we have the three genera : Notonecta , Buenoa and Plea y These 
may be separated by the following : 

KEY TO GENERA. 


A. Legs quite similar * ’Plea Leach. 

AA. Legs dissimilar, hind legs flattened and ‘fringed for swimming. 

B. Last segment of antenn® much shorter than the penultimate Notonecta Linn. 

BB. Last segment of antenn® longer than the penultimate Buenoa Kirk. 


“Of these three genera Notonecta is the commonest, being represented in 
this country by 12 species j the genus Bwenoa comes next, with 5,” (now 7), 
“while the little Plea so far is credited in the literature with but 1.” 

Since the above was published Doctor Hungerford has described 
two other species, and the genus Buenoa now contains T species in- 
stead of 5 in this country. 

Dr. -Carl Drake has since described Plea harnedi: * 

In the same publication on page 173 fye genus Buenoa is described 
as follows: 
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“Genus Buenoa Kirkaldy. 

“Named in honor of Mr. J. T. de la Torre Bueno. 

, “Similar to the genus Anisope, but the male is provided with two tarsal seg- 
ments on the front legs, and claws are differently formed. 

“Head : Eyes not contiguous, but interior margins about parallel, their 
margins curving slightly, making distance at vertex greatest, and interocular 
space long and narrow. Labrum reaching to apex of second rostral segment; 
last segment of antenna longer than the penultimate. 

“Thorax : Pronotum not most transverse; alee present and the hemelytra 
divided into clavus, corium and membrane, and more transparent and hyaline 
than in Notonecta. Hind femora not reaching apex of hemelytra. The hind 
tarsi are provided with more conspicuous claws than Notonecta . The middle 
and front legs are armed with long spines and the males of Buenoa elegans and 
Buenoa margaritacea at least are equipped on the front leg with a tibial struc- 
ture borne on the inner face of a prominence, which is forced into a thin, 
elongate spur by the elevation of the inner angle or margin of the tibia near 
its base. Tarsi of front legs two-segmented in both sexes. 

“Abdomen: The abdomen is provided with a median ventral carina and the 
lateral margins of the venter are provided with guatd hairs which cover the 
'gutters.' The female has the last ventral abdominal segments modified for 
sheathing the ovipositor, which consists in the mam of a pair of somewhat 
spatulate chitinized gonapophyses for placing the eggs in the tissues of plants.” 

The following key is proposed to include the species now found 
and described in the United States. It is probable that B. platy- 
cnemis (Fieber) does not exist here. 

KEY TO BUENOA. 

A. Scutellum broad and as long or longer than the pronotum. 

B. Pronotum in the male with four depressions, appearing tncannate 

C. Head with eyes m male nearly as wide as pionotum, a little narrower 
in female: legs robust; length 7.5 to 9 mm. .. . B cannata (Champion) 

CC. Head with eves somewhat flattened and distinctly narrower than pro- 
notum m both sexes ; legs slendei ; pale color ; length 6 5 mm. 

B. albtda (Champion) 

BB,. Pronotum almost unimpressed, lateral carin® in some males. 

C. Small oval atridular area on* front femur of males; length 6.7 to 

8.1 mm B margaritacea Bueno 

CC. Long sword-shaped stridular area across front femur of males; length 

6 5 to 7.5 mm. B. sctmttra n. ap. 

AA. Scutellum reduced and nanow and not as long as pronotum. 

B. Species over 6 mm. long. 

C. Pronotum of male large, inflated, and smooth; length 6.25 to 7 mm. 

B. UmnocattonB Hungerfotd 

CC. Pronotum of male tncannate; laige tibi® m front; length well over 

6 mm B. macrottbtalts Hungerfotd 

BB. Species lees than 6 mm. long B. elegarut (Fiebei) 
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BIOLOGY OF THE GENUS. 

Concerning the biology and life history of the species of the genus 
Buenoa apparently very little has been written except about Buenoa 
margaritacea Bueno. All the notes found are those by Doctor 
Hungerford (36 and 37). The observations added herein are con- 
fined to the above or very nearly related species. 

EGGS AND OVIPOSITION. 

Concerning the eggs the statement is confirmed that they are 
placed in the tissues of plants with a bit of the surface exposed. 
Most of those collected have been from a species of CeratophyUum 
growing in a permanent pond underneath a Union Pacific railroad 
bridge about two miles north of Lawrence, Kan. At times only a 
single egg here and there has been found in the stem of this plant, 
nearly always with the cephalic end of the egg toward the bottom 
of the plant. The portion of the stem chosen varied from within a 
few inches of the tip of the growing stem to near the base of the 
plant where the stem was tougher, larger, and much discolored. 
Usually the eggs were more numerous, and most frequently found 
near the middle of the growing stem where the tissue was neither too 
hard nor too soft, and apparently of just the right consistency for 
oviposition. 

Of the hexagonal reticulations of the egg surface mentioned in 
University of Kansas Science Bulletin, volume XI, page 195, it is 
found for the eggs of B. margaritacea that these reticulations are 
confined to the area immediately surrounding the micropyle or 
area exposed as the egg lies in situ. Each hexagonal area has a 
finely corrugated or granular appearance. The rest of the chorion 
appears quite smooth. 

Specimens of B. margaritacea collected from Smith's pond on® 
mile east of Lawrence on April 15, 1924, were placed in an aquarium 
jar with a long stem of CeratophyUum and left sitting in a window 
of the laboratory. Two eggs were first observed deposited in the 
stem on the morning of April 24. On April 28 they were observed 
under the binocular, and it was found that the red eyespots were 
well developed. On the morning of April 30 they were found to have 
hatched and died almost immediately for some unknown reason. 

After that date the eggs were found in the pond, and stems were 

brought to the laboratory and examined to find that the eggs had 
■■ 

* See, also, Bara; Life Histones of Some Kansas Baokswimmers, pp. 98*101, Annals 
Ent. Soc. Am , Vol. XIX ; 1926. 
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already hatched as early as May 5. Around May 10 eggs were quite 
easily found in the pond or secured by bringing live bugs from the 
poqjjs and placing them in an aquarium Jar together with some Ce- 
ratophyllum. Most of the eggs were laid the first day or two after 
the bugs were brought into the laboratory. Then the bugs died one 
by one, until within three weeks they were all dead. The cause of 
their death was not determined. It may have been lack of proper 
food, the growth of a scum over the surface of the water in the 
aquarium jars, the fact that they had laid their eggs and were dying 
normally, or other reason. They do not appear to die in this manner 
in the ponds. 

In the spring of 1923 the eggs were found from May 12 to June 6. 
No doubt they were laid much earlier than the first findings. Search 
was made for them last on about July 1, but none were found. But 
at that time many nymphs of all stages were found, and during the 
early days of September and as late as October 22 fifth-instar 
nymphs were collected from ponds about Lawrence. It seems prob- 
able, then, that egg laying continues from as early as April 24, to 
sometime in August, and there may be more than one generation 
in a season. 

The egg stage from time of oviposition to hatching is about one 
week. At this writing only one hatching has been secured from eggs 
the date of oviposition of which was nearly known. From eggs col- 
lected in May, 1923, those which hatched would seem to verify the 
above statement. 

Observations on the oviposition of B. margaritacea are as follows: 
At 7:20 a. m. May 15, 1924, a bright, sunny, cool morning, in an 
aquarium jar sitting in the shade at an east window through which 
the sun was shining, a female was first observed depositing her eggs 
in the stem of a species of Ceratophyllum. The stem was inclined 
at an angle of about 45 degrees at the place where the egg was de- 
posited. The bug when first observed was standing above the stem, 
back upward, so that the body and stem formed an angle of about 30 
degrees. Other observations later showed the bug on nearly every 
side of the stem, and the position of the stem seemed to make little 
difference. Sometimes two eggs were laid almost side by side or 
just opposite each other in the same stem. The front pair of legs 
were fully extended almost perpendicular to the line of the body 
and grasped the stem of the plant rigidly. The middle, or mesotho- 
racic, legs were extended eaudally and grasped the stem at an angle 
of about 45 degrees with the line of the body. They were not fully 
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extended, but stood in an elbowlike position allowing considerable 
freedom of motion. The hind, or metathoracic, swimming legs ex- 
tended laterally like balancing apparatus and ready to make the 
swimming stroke as normally. The tip of the abdomen was ex- 
truded and bent downward to the stem. The last exterior or seventh 
abdominal stemite, which has a sharp pointed caudal tip, was stand- 
ing at an angle of about 40 degrees to the line of the body and was 
inserted into the plant tissues like a wedge. 

The two sicklelike blades of the ovipositor were digging simul- 
taneously into the stem with a backward scooping motion, and 
under the binocular the fragments of plant tissue like sawdust were 
seen floating away in the water. The movement of the ovipositors 
seemed to be due partly to a slight backward and forward movement 
of the entire body and partly to the movements of the muscles of 
the eighth and ninth segments of the abdomen. As the work pro- 
gressed the ovipositors were inserted deeper and deeper, hollowing 
out the space downward and backward for the insertion of the egg, 
and the seventh stemite, acting as a wedge, was shoved deeper into 
the stem. When the opening was ready the two black-tipped styli at 
the tip of the abdomen were pushed against the tissue on either side 
of the more caudal part of the incision to help keep it open. The 
ovipositors were apparently used literally as levers against the edges. 
The bug rested for a moment, and then the egg was pushed into its 
receptacle by contraction of the opening of the oviduct a little above 
and between the ovipositors. The bug rested a few seconds longer, 
and then withdrew the ovipositors and stemite and swam away. 

The aquarium jar in which the above observations were made con- 
tained about 40 or 50 bugs taken the evening before and placed in the 
jar about 4:30 p. m., together with a stem of Ceratophyllum about 
15 inches long collected several weeks before, and in which no eggs 
had been previously deposited. At 7 p. m. of the same evening it 
was observed that the stem contained 3 eggs freshly deposited. At 
7 a. m. of the next morning it contained at least 18 eggs. During 
the morning and again in the afternoon other bugs were seen deposit- 
ing eggs. The day was partly cloudy and at about 4:30 p. m. it be- 
came quite cloudy. After that no more eggs were laid. 'Die weather 
conditions seem very much to affect their activities in this respect 
as well as in taking flight, which is described on another page. Just* 
previous to the clouding over at 4:30 p. m., between the hofars of 2:30 
and 4:30 p. m., egg laying was quite aptive, and most of the mem- 
bers of the department had an opportunity to observe it. 
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The time of oviposition was taken repeatedly and found to be 
about one and one-half minutes. Sometimes the bug would leave 
the place where she had been working with her ovipositor. Some- 
times she seemed to be disturbed by her observers (all the Buenoa 
are quite wary) and again it seemed that the place sought did not 
prove satisfactory. After a trial was made of a place she would 
always go to the surface for a fresh supply of air before trying an- 
other place. Then she would swim quietly around till a suitable 
place on the stem between two nodes was found. Next she would 
quickly turn and grab it with the two pairs of front legs, and begin 
to test it with the tip of the seventh stemite and the ovipositors. 
If it was found suitable she would not change her position, but if not 
she might crawl along the stem for some distance until she found 
a better place. The ovipositors began working immediately when 
she took hold of the stem. The time required to make the opening 
complete for the egg was almost precisely one minute. Then she 
would rest about five or ten seconds and lay the egg. After another 
rest of ten to twenty-five seconds she would swim away. Fifteen 
separate observations were made of the process of oviposition in one 
day, and it has been noted repeatedly since. 

Sometimes the bug encountered difficulty with the air contained 
in the cells or vessels of the plant tissue. When she was through 
laying the egg and started to swim away she found that a large air 
bubble had collected, apparently from the pierced plant cells, under 
the tips of her hemelytra. Then she would swim about for a time 
somewhat like a dog with a tin can attached to its tail until the 
bubble was absorbed in the water or lost at the surface. It is not 
certain whether the bubble of air came from the plant tissue, but it 
appeared to do so. It may have come from beneath the hemelytra. 

It is not yet determined whether the same bug lays more than one 
egg in a day. From dissection it is known that the abdomen of the 
female sometimes contains from ten to fifteen eggs of nearly the 
same stage of development. It is not known how many eggs a single 
female may lay. 

NYMPHS. 

Concerning the nymphs little is added to that already known and 
written. Attempt is being made to further trace out the life history 
and length of the instars. If the success is no better than former 
experiences it will probably get them through to the second instar, 
and then all will die from confinement, improper food, or other 
such cause. 
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IDENTIFICATION. 

For tiie purposes of aiding in identification of the different instars 
and distinguishing the sexes of both adults and nymphs, the follow- 
ing notes are given and the reader referred to pages 195-197 of the 
University of Kansas Science Bulletin, volume XI, for a table con- 
taining other measurements and information. The notes on the 
following pages apply, except as to size, to Buenoa margaritacea, our 
most common species. They may apply in nearly all other char- 
acteristics to any of the Buenoa species. In all cases of nymphs and 
adults the seventh abdominal segment appears superficially to be 
the sixth abdominal segment instead, because the first two abdominal 
segments next the thorax are so fused together that it takes careful 
study to distinguish them. 

adults. 

Males: 

1. V-shaped base of beak. (On the outer faces of this V-shaped segment 
are sound devices.) 

2. Sound devices on front tibia, femur and coxa. 

3. Black glandular spot near the junction of the pleurites of the first and 
second abdominal segments. 

4. Black spine on sinistro-caudal margin of the seventh tergite. 

5. Asymmetrical genital claspers, left or sinistral one larger and hooked at 
the end. 

6. Seventh abdominal stemite somewhat rectangular. 

7. Eighth abdominal stemite visible ventrally. 

Females: 

1. Seventh abdominal stemite projects caudad into a V-shaped tip beneath 
the ovipositors and tip of the abdomen. 

2. Symmetrical, sword- or sickle-shaped, saw-toothed ovipositors. 

3. Seventh abdominal tergite symmetrical. 

4. Eighth abdominal stemite not visible ventrally. 

5. Styli visible near tip of abdomen, and black tipped. 

NYMPHS. 

A distinguishing feature of all the instars of the nymphs to 
separate them from the instars of Notonecta nymphs with which 
they are likely to be confused, is that the abdominal spiracles appear 
large and of the same general appearance as in the adult Buenoa. 
Those of Notonecta are small and inconspicuous. 

There are also other structural differences which are noticeable. 
After one has studied the ventral plates of the seventh abdominal seg- 
ments he can usually be pretty sure of the sex- and insta'r to which 
a nymph belongs. This is especially true after the second instar. 
For appearance of the ventral plates of the fifth-instar nymphs 



274 


Tm Ukivksmiy Science Bvumm* 


see plate LVII. The females are usually larger and Wider between 
the eyes than the males. This is also true of the adults* In all in* 
stars ^ the beak is four-segmented, and tarsi are one-segmented and 
have two prominent claws. The tarsi of the adults are all two- 
segmented and the tarsal claws of the swimming legs are incon- 
spicuous. 

Fifth-instab Nymph : 

1. About 5.175 nun. long, etc. 

2. Wing pads extend full length of the metathorax or to the distal ends of 
the hind cox®. 

Males: Seventh abdominal sternite somewhat rectangular. 

Females: Seventh abdominal sternite triangular at tip. 

Foubth-instar Nymph : 

1. About 4.5 mm. long, etc. 

2. Wing pads extend to middle of metathorax or to distal end of meso- 
thoracic tibiae when flexed. 

Males: Seventh abdominal sternite rectangular. 

Females: Seventh abdominal sternite triangular. 

Third-instar Nymph : 

1. About 3.225 mm. long, etc. 

2. Wing pads mere buds, or extending to line or trochanter of fore leg flexed. 

Sexes rather hard to distinguish but some difference similar to the fourth 

and fifth instars. 

Sbcond-instar Nymph : 

1. About 2.25 mm. long, etc. 

2. A kind of inwardly projecting pleural fold along sides of thorax and 
abdomen. 

Sexes indistinguishable externally. 

First-instar Nymph : 

1. About 1.85 mm. long, etc. 

2. Abdominal fnnge of hairs forming ventral air chamber conspicuously 
extended forward along sides of thorax to the head. 

Sexes indistinguishable externally, 

ADULTS. 

(See, also, page 27S.) 

For a discussion of the biology of the adults, see pages 177, 194, 
195, 197 and 198, of volume XI of the University of Kansas Science 
Bulletin. There is hardly a living creature of the waters which ap- 
pears more beautiful and graceful than does B, margaritacea Bueno 
as it calmly glides about in an aquarium jar among branches of 
CeratcphyUum . The pearly luster of the wing covers as seen With 
the aquarium in a window is beautifully enhanced by the film of air 
contained underneath them, and the perfect poise of the animal is an 
expression of grace worthy of note. 
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In tbe above-named reference, page 197, it ie stated that “the 
adults appear from early spring to late fall.” They are found to 
appear during every month of the year if one seeks them in their 
proper habitat. They overwinter as adults only, lay their eggs in 
the spring and summer, and it may be there are two generations in 
a season in Kansas. At intervals of every ten days or two weeks 
they have been collected all winter during the season of 1923-’24. 
The winter has been a rather unusually cold one. 

On January 22 the ice, which was almost twelve inches thick on 
the pond at the Union Pacific railroad bridge mentioned on page 269, 
was cut and a few sweeps of the water net made beneath the ice 
and some distance from the bottom of the pond. Three specimens 
of B. margaritacea, a number of small corixids, and one Notonecta 
undidata were taken. The specimens immediately were brought to 
the laboratory and placed in an aquarium jar in tap water, which 
must have been several degrees warmer than that in the pond The 
water of the pond must have been at 4 degrees Centigrade. The 
behavior upon this change of habitat was a little unusual. The 
bugs were not further chilled as they were brought into the labora- 
tory, because it was quite a warm, pleasant day with a temperature 
of near 45 degrees Fahrenheit. The Buenoa acted stunned and very 
languid, and did not come to the surface for air for about one-half 
hour. This experience was later duplicated. 

The question of just how respiration can take place under the 
ice and at such temperatures is an interesting one. The bugs 
most certainly can not get air from the surface. It is true that at 
4 degrees Centigrade, the water contains its maximum of oxygen 
and other gases. But it hardly would seem there could be a 
sufficient amount for the needs of respiration, although the move- 
ments of the water creatures and bugs at such a low temperature is* 
slight and rather languid. In this pond at the time there were some 
green algae and Ceratophyllum, which no doubt produced some free 
oxygen bubbles and the water bugs may have used them. But 
later in February not even green plants were present. Wesenberg- 
Lund (88) has published a paper, “Uber die Respirations-verhalt- 
nisse bei unter dem Eise uber wintemden, luftatmenden Wasserin- 
sekten, besonders der Wasserkafer und Wagser wanzen.” It seenjs 
that the whole question of respiration beneath the ice is one whieh 
has not yet been fully investigated. 

The longevity of the adults is yet a question. It would be a 



276 


The University Science Bculetin. 


difficult matter to determine in nature because of the character<.of 
their habitat. They evidently migrate from pond to pond as food 
supply, water, seasonal differences, and other conditions require. In 
the laboratory it has been difficult to keep them alive for more than 
a few weeks, even in winter, and they certainly live as adults 
through the winter months in the ponds. Repeated efforts may solve 
the difficulty. 

Of their habits of flight the following observations may be of 
interest. On February 9, 1924, when observing living specimens 
in the laboratory at night with electric light, two individuals flew 
out toward the light and fell upon the table showing that they are 
positively phototropic at times. 

Other evidences of phototropism are many. Mr. Robert Guntert 
says he has taken them many times around the electric lights at 
night when he was collecting. On March 13, about 8 a. m., one 
Buenoa flew toward the window from an aquarium sitting on the 
window sill. Sometimes when brought into the laboratory in the 
evening and spread from the “live bottle” upon a piece of toweling 
paper to dry, some of them would fly to the windows or electric 
lights. Most of these incidents happened in March and April, and 
when the days were moderate in temperature. 

April 15 while collecting at Smith’s pond several individuals were 
seen to take flight. Evidently the weather conditions were favor- 
able, for it was a beautiful, quiet morning, and they were migrating. 
Some were also seen to alight in the pond. Sometimes they had 
difficulty in getting their wings adjusted properly immediately after 
alighting, and would kick about and dive in the water rapidly 
trying to detach themselves from the large air bubbles which hung 
beneath the hemelytra. They seem to strike the water at a low 
angle, back upward, and immediately turn over as in the normal 
swimming position. The pearly-colored hemelytra evidently serve 
to disguise them from above while in flight and from below while in 
the water so their enemies may not so easily see them. On taking 
flight from the water they swim close to the surface for a short 
time and then suddenly shoot forth from the water at about a 
thirty-degree angle and take wing. Notomcta was observed flying 
about two weeks earlier. They sometimes climbed out on sticks or 
other objects near the shore, waited till the hemelytra were dried 
for a few seconds and then took wing. Other times they would 
start immediately from the water, fly a short distance, fall back into 
the water and float along on the surface for a little time dorsum 
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upward and then fly away. Notonecta is mentioned here simply in 
comparison with Buenoa. 

Of the food habits of Buenoa, they are said to feed largely upon 
Entomostraca, and occasionally on other forms, which, they hold in 
the crib formed with the fy-ont pairs of legs and pierce with their 
stylets. About February 9, 1924, while dissecting the abdomen to 
see if eggs were developing, it was noticed that the stomach contents 
were green in color. The material was examined under the micro- 
scope and gave all the appearances of being the green chlorophyll 
particles of Spirogyra, some of which was contained in the aquarium 
jar from which the bug was taken. Two or three other individuals 
within the next two or three days were seen to contain the same 
material, but not in such quantity as the first one. One bug was 
found dead in the water still holding a thread of Spirogyra. Part 
of the cells of the thread did not contain their normal amount of 
chlorophyll, but the beak was not inserted in any of them. It may 
have just gotten tangled in the thread while in its death struggles. 
It may be that predacious Buenoa also feeds upon alga as does its 
relative, the corixid, when other food is not available. 

It is worthy of note in connection with the study of the haemoglo- 
bin cells discussed in the following pages that the swimming habits 
vary. After the bug has been to the surface for air (it seldom re- 
mains at the surface more than two or three seconds, which is quite 
opposite to the facts with Notonecta or other water bugs) it makes 
quick vigorous strokes in order to keep itself beneath the surface. 
These strokes become less and less vigorous until it may rest in the 
water in almost perfect equilibrium, sometimes for several minutes. 
Then it begins slowly to sink and has to use effort to sustain itself. 
It is usually not long after this till the bug returns to the surface 
for a fresh air supply. The Notonecta and other water insects seem 
not to be able to remain beneath the surface as long as Buenoa and 
keep their activities the same. Either they swim more vigorously 
about and come to the surface oftener for air, or they take down a 
good supply of air and attach themselves, with no activity, to some 
object on the bottom, or hang at the surface film in constant contact 
with the atmosphere. Femald’s Applied Entomology, page 184, 
says the corixids “are able to remain under water without coming 
up for air for a much longer time than the backswimmers,” referring 
to the Notonectidse as a group. This has not teen found to apply 
to Buenoa, except when the corixids grab hold of something below 
the surface and remain there motionless. In that case they would- 
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not use nearly so much air or oxygen as the Buenoa which are glid- 
ing about in the water constantly. 

In the ponds on a windy day, when the waves are large, Buenoa 
usually swims in the quieter parts where surface contacts are more 
easily made. They were often seen hovering about the piling of the 
bridge, where they were collected when they could not be located 
elsewhere. At the same time Notonecta might be found easily 
about the edges of the pond in the quite rough water. 

It has been observed that Buenoa elegans is usually found in the 
shallower parts close to shore instead of out in the open and deep 
waters, as is so often the case with Buenoa margaritacea. They 
both are found usually in the same pond, and it may be that the 
smaller species stays closer to shore for protection from the larger 
one, which may attack it on occasions when they meet. 

The Buenoa, as a group, appear to be able to swim almost as fast 
and as well as does Notonecta, although it is npich smaller. This 
may be due to their larger development of muscles in the meta- 
thorax. 

All the Notonectida?, and especially the Buenoa, have a remark- 
ably well developed stream line foraij as has been discussed by va- 
rious writers. This, with the oarlike hind limbs, makes them very 
well adapted for living in the water. 

SOUND DEVICES. 

In the University of Kansas Science Bulletin, Volume XI, pages 
196, 197, is a description of the sound devices of the male of the 
species B. margaritacea in the following words: 

“Upon attaining the adult stage a sexual dimorphism becomes apparent. Be- 
sides the structural differences of the genitalia, the anterior legs of the male 
possess on the inner faces of the femora and the tibise peculiar stridular areas. 

“The tibial structure is borne on the inner face of a prominence, which is 
formed by the elevation of the inner angle or margin of the tibia near its base 
into a thin but elongate spur. This spur is lacking in the female, and not dis- 
covered in the nymphs. (See PI. XXIV, Figs. 5 and 6.)” 

Again on page 195 is this: 

“The males possess stridular areas upon the inner faces of the femora and 
tibise, and also on the sides of the face at the base of the beak. These are 
shown in the drawings on plate XXIV. The tibial structure is borne on the 
inner face of a spur near the base of the anterior tibia. When the fore limbs 
are brought up to the head, it will be seen that the stridular areas oi the 
limbs meet those on the base of the beak. (See the figure on PI. LIV.) The 
production of sound is doubtless the purpose of these structures. Europ ean 
workers have recorded notonectida as capable of producing chirping sounds. 
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Miai quotes Redfern to the effect that Notone eta makes a Boise like the word 
‘chew’ repeated three times.” 

In a lecture before the Entomology Club at the University of 
Kansas in the autumn of 1923 Doctor Hungerford told of hearing 
Buenoa chirping in an aquarium in the laboratory at Douglas Lake, 
Michigan, the preceding summer, and also described the accompany- 
ing behavior of the sexes. His description indicated that a few days 
before that date Buenoa was heard chirping in the laboratoiy here, 
but the source of the sound was not then recognized. In the labora- 
tory, one evening in September, peculiar noises were heard coming 
from a galvanized iron aquarium where some live adults were kept 
for study. The noise was rather faint, so cautious approach was 
made and the light turned on to see what was happening. Before 
the place was reached and before the light was turned on, the noise 
ceased and did not occur again during the evening. Other lights 
were on in the laboratory at the time. The noise sounded something 
like drawing a nail quickly across the teeth of a rubber comb. 
Nothing unusual was seen in the actions of the bugs swimming in 
the water, and it was thought to be a mistake until Doctor Hunger- 
ford gave his description. It is a common occurrence for them to 
make considerable noise by butting their heads against the sides of 
the aquarium, and this might be mistaken for chirping by one who 
has not become accustomed to them. Constant watching since that 
time to detect any further sound production or mating has failed. 

It should be added that upon careful examination it is found 
there is also a strong but minute spurlike peg on the outer lateral 
surface of the anterior coxa which aids, no doubt, in sound produc- 
tion. There are also a number of strong setae and a chitinous thick- 
ening at the distal end and inner lateral surfaces of the anterior 
femora which are probably used to produce sound by plucking on 
a chitinous-thickened corner on the sides of the face just below the 
antenna. The females possess this last device, also. 

So it appears that Buenoa has, in the case of the males, three 
pairs of sound devices and in the female one pair. Beginning at 
the cephalic end of the body, in the male the first pair is the chitin- 
ous thickening and seta at the distal end and inner lateral surfaces 
of the front femora, together with the chitinous-thickened sharp 
comer on the sides of the face just below the antenna. This is 
also the one pair for the females. The qecond pair for the males is 
the tibial structures borne on the inner fate of a prominence near 
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the proximal end of the prothoracic tibia, together with the areas 
pn the lateral faces of the prongs near the base of the beak. The 
third pair consists of a washboardlike area about midway between 
the ends on the inner lateral surfaces of the anterior femora, to- 
gether with a spurlike seta near the base and on the outer lateral 
surfaces of the anterior cox®. There are some exceptions to the 
above rule for some of the Buenoa, but it is true in most oases. 
With all these sound devices it appears they may have a language 
all their own with quite a variety of sounds and combinations, es- 
pecially in the case of the males. For an illustration of these de- 
vices in their relative positions, see plate LI, figure 4. 

ECONOMIC IMPORTANCE. 

Fernald in Applied Entomology, page 184, says of the Notonec- 
tidse: “They are carnivorous, feeding on other small insects, but are 
of little importance.” Since the discovery' of the hemoglobin cells 
in Buenoa, they may appear of considerable scientific importance. 
Their economic importance is not so certain, but they feed upon 
the small crustacean life of the waters as do some fish, and Noto- 
necta has been said to attack small fish. They may be of much 
more importance to fish culture than is usually thought. 

COLLECTING NOTES. 

Most of the materials collected for these studies were taken at the 
Union Pacific railroad bridge mentioned on page 269. It was 
found to be the most convenient because it was a permanent pond 
and the bugs could be found there at any time when fresh materials 
were desired. Most of the studies on B. margaritacea were done 
with fresh material. The piling at the foot of the bridge have cross 
timbers bolted to them just at the surface of the water. These were 
found to be very convenient because Buenoa usually swims in deep 
water and well out from the shore. One could walk out on these 
cross timbers where the water was fifteen or twenty feet deep or 
stay nearer the bank, as he chose, and still have considerable area of 
water over which to collect. In this position it was not difficult to 
see the bugs balancing themselves some distance beneath the surface 
and to quietly slip the net beneath them and bring them to the sur- 
face. 

Other collecting was done at Stubb’s pond, nearer town, at the 
brick-plant pool, at Smith’s pond east of Lawrence, and in different 
counties of central Kansas during the month of June, 1923, Some- 
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times quite a number of Buenoa would be taken in the water con- 
tained in a cow track in a pool that was drying up. Shallow pools 
often contained more of them than larger and deeper ones. They 
seemed to be found during the summer months in the shallow pools 
where crustacean life was most abundant more than in the deeper 
ones. 

A common water net at the end of a broom handle was used in 
most cases. The live material was brought into the laboratory in an 
empty bottle containing a few grass blades, leaves or cellucotton to 
take up the excess water. If, as is usually well known, one should 
attempt to bring them to the laboratory in water they would soon 
drown. When drowned they could, like young chickens caught in a 
thundershower, be revived by drying out. Often, if any of them 
were sticking in a little water at the bottom of a bottle, it was found 
best to empty them out on toweling paper and let them dry till they 
hopped about vigorously before putting them into the aquarium 
jar. The eggs and nymphs were sometimes placed directly into the 
fixing fluid for sectioning or other study when taken from the water. 
The following fixing fluids were used: for the adults and nymphs: 
picroformal, picrosulphuric acid and 85 per cent alcohol; for the 
eggs; picrosulphuric acid, and Perenyi’s fluid of chromonitric acid. 

TECHNIQUE. 

MOUNTING AND DISSECTION. 

The technique used in the work of mounting and dissection for 
the grosser morphological studies was suggested by R. H. Smith in 
the 1923 September number of the Annals of the Entomological So- 
ciety of America. To one with no experience the task of carefully 
dissecting a bug 7 to 7.5 mm., or slightly more than one-fourth inch 
long, is a rather difficult one. It may be of value to some one to 
describe here the methods used. 

At first the attempt was made to pin down the creature upon 
parafin in a large dissecting dish, such as was used in the elementary 
classes in morphology. The pins were too large and in the way of 
the dissecting needles. They did not hold well and would tear dut at 
the sides and mutilate the specimen. Small “minuten-nadlen” were 
then tried in a much smaller dish of paraffin and one which did not 
require nearly so much salt solution. The making of quantities of 
physiological salt solution every little while was sbmewhat of a nui- 
sance. It had to be used because the haemoglobin cells and other tis- 
sues would hffimolyze and so cloud the medium in which one was * 
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working that nothing could be seen clearly. The red coloring sub- 
..stance of the haemoglobin cells was responsible for moat of the dif- 
ficulty in keeping a clear field. The “minuten nadlen” did not prove 
satisfactory, for they would not hold well in the paraffin, and gave 
the same difficulty of cutting out at the sides of the specimen as did 
the larger pins. In casting about for some better method the article 
by Mr. Smith was found. 

By this method and for this purpose it has been found better to 
use a small dissecting dish with a lid to keep the salt solution from 
evaporating and ruining the specimen when interrupted by class 
work or other difficulty. A little tin box with a lid, about three 
inches in diameter and one inch deep, was filled nearly half full with 
melted paraffin. This was allowed to cool. The bug was then held 
in one hand with a small pair of tweezers by the legs or otherwise, 
depending upon the position desired for placing and the ease of 
holding. In the other hand was held a piece of wire of the size of 
bailing wire or a little larger. The wire was placed in a gas flame till 
hot and then used to melt a small area in the smooth surface of the 
paraffin near the center of the dish. Immediately the bug was placed 
in the melted area in the position desired. The paraffin hardened 
quickly as it cooled and held the bug firmly in the desired position. 
If a film of water happened to be clinging to the bug, a second appli- 
cation of the hot wire around the bug was sometimes necessary to 
make the paraffin hold well. A large needle might just as well have 
been used to melt the paraffin. To hasten the cooling and hardening 
of the paraffin and to prevent cooking of the more delicate tissues 
the physiological salt solution was poured immediately into the dish, 
but not directly on the bug, for sometimes it would wash away the 
melted paraffin around it. At this stage all was ready for the dis- 
section to begin. 

Instead of paraffin in the dissecting vessel, beeswax and shoemak- 
er’s wax were also tried. Beeswax was almost as good as paraffin 
but a little soft. Shoemaker’s wax being very dark in some cases 
was an advantage because of the contrast with the insect tissues. 
Usually it remained too soft, or the heat from the electric light used 
was sufficient to soften it so that it did not hold the insect satis- 
factorily. 

A medium sized sewing needle mounted in a handle, heated in a 
gas flame, flattened on an anvil, and sharpened with a fine carbo- 
rundum or razor bone under the binocular to a delicate arrow-shaped 
jjoint, was used to open the insect. The opening was done by pierc- 
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iog the body integument and then cutting outward against the 
paraffin, Otherwise the internal tissues would be crushed and 
mashed out of place. The chitinous body wall of Buenoa is quite 
thick in places considering the size of its body. After a cut was 
made entirely around the body and outward against the paraffin 
the top section could be lifted off and the interior examined in its 
natural position. In dissecting the tougher portions it was found 
sometimes to be of advantage, in getting the insect thoroughly 
fastened down in the paraffin, to clip off the wings close to the thorax, 
or in other cases to clip off the legs. 

The scalpel made from a needle just described; two or three dis- 
secting needles made of “minuten nadlen,” mounted in handles and 
bent at the tip or sharpened to suit the worker ; one or two dissecting 
needles from sewing needles of the medium sizes, mounted and 
sharpened; two ink droppers or pipettes, one with a large opening 
and the other with a smaller one, to remove bits of tissue suspended 
in salt solution for microscopic examinations; a few slides and 
cover slips ; a large binocular microscope with an oil immersion lens 
attached; and a smaller binocular, were the tools used in this study. 
Also a projection microscope was sometimes used. 

TRACHEAL TECHNIQUE. 

The haemoglobin cells studied are closely associated with the 
tracheal system, and it was therefore necessary to trace out some- 
thing of the structure of this system. A study of the tracheal sys- 
tem was also necessary to aid the findings of the other morphologi- 
cal studies. For this purpose it was found to be much better to use 
fresh specimens in which the tracheae were yet filled with air, giving 
them a silvery white lustre and making them visible. It was almost 
impossible to distinguish tracheae from other tissue when once filled* 
with water. One could not work long with the same specimen till 
the larger tracheae would become so filled. This was especially true 
with those of the thorax. Some of the suspected connections could 
not be clearly traced, and it was decided to try a process of injec- 
tion of the tracheaB described by August Krogh (45), of Copenhagen 
University, in 1917. 

For an injection fluid he used a mixture of paraffin, beeswax, colo- 
phonium and turpentine, stained as deeply as possible with alkanna. 
It was difficult to get any alkanna, and that which was finally se- 
cured may not have been of much value. The process described by 
Krogh was repeatedly tried with Buenot and found unsuccessful. 
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The substances penetrated the other tissues as well as the trachea 
and made the trachea invisible. The process may be good for the 
larger insects. 

Glycerin agar melted and colored deeply with finely powdered 
carmine was tried instead of the mixture above described by Krogh. 
It worked very poorly. The process of attempted injection used 
for this was the same as is given on page 285 exoept that the colored 
agar was placed in the large bottle and cooled till it hardened. 

The bugs, inclosed in a wire-screen cage so they would not sink, 
were placed in a bottle on top of the solid agar. The air was ex- 
hausted and the bottle containing the colored agar and the bugs was 
immersed in a hot-water bath until the agar melted and the bugs 
sank into it. The air was then slowly readmitted to force the liquid 
into the trachese. With the reduced air pressure the substance would 
boil at a very low temperature soon after it melted and so disrupt 
the tissues. But the process did not work' well even when boiling 
was prevented. 

Krogh also suggested using colored turpentine instead of the 
above mixture in the case of animals with closely intact spiracles. 
This was tried with considerable success, but no substance was found 
which would satisfactorily color the turpentine so that the tracheae 
would stand out in strong contrast to the other tissues. Eosin, 
powdered carmine, picric acid, methylene blue, and borax carmine 
solution were used in attempting to color the turpentine. At best 
only a weak stain, which under the binocular was greatly diluted, 
was secured with any of them. A substance of a lipoid nature was 
necessary according to Krogh in order to penetrate the trachea. 
Turpentine was such, but was not strongly enough colored. 

It was decided to try Grenacher’s borax carmine, a substance 
which has a very dark red color. It was felt that this surely would 
give the desired contrast if it could be made to penetrate deeply 
enough. It penetrated very nicely to the remote tips of the trachea, 
giving a bright-red color under the binocular in strong contrast to 
the surrounding tissues. A large part of the sketches of the tracheal 
system of Buenoa as figured in the accompanying plates were drawn 
with the aid of this injection material. It can no doubt be as suc- 
cessfully used with other minute or small insects. A difficulty arises 
when an attempt is made to use it with the larger insects or larva. 
An injection was made of a nearly mature tipulid larva, but it was 
found that the fluid would flow out from the larger trachea when the 
insect was handled. 
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The article by Krogh may not be readily available to the reader, 
as it was not in our case, so there is given here something of a repeti- 
tion of the device used by him, together with the modifications as 
used in this laboratory. A quantity of the injection mixture, Gren- 
adier’s borax carmine, was kept in a wide-mouthed bottle of about 
250 cc. capacity with a ground tubulated stopper. If the ground 
tubulated stopper was not available, a large rubber stopper with a 
piece of glass tubing inserted was used. The neck of the bottle was 
reenforced with adhesive tape to prevent its being easily broken. 
The diameter of the rubber stopper was increased with the same ma- 
terial to prevent its being pushed too far into the bottle by the air 
pressure. The animals to be injected were removed from the 
aquarium jar to a piece of toweling paper till the film of water was 
removed from them. They were then deeply narcotized by dropping 
them into a large bottle with a wad of paper or other material 
saturated with a few drops of ether and replacing the stopper till 
they were quiet for a moment. This was done to make them im- 
mobile and render ineffective the mechanism for closing the spiracles 
or tracheae. 

A number of the bugs were usually so treated at the same time, 
and one kept for a control to see that all were not killed with the 
ether. The others were then placed in a wire-screen cage in the 
bottle with the injection mixture, but kept above it till after the air 
was exhausted. The stopper was then put in place and the bottle 
connected by means of heavy rubber tubing to an air pump or as- 
pirator. Previously the aspirator was fastened to the faucet at the 
sink, one screw clip closed and the other screw clip opened. The 
water was then turned on at the faucet and the air exhausted from 
the bottle containing the bugs. After fifteen or twenty minutes the 
exhaustion of the air was usually sufficient, for a pretty good vacuum 
could be secured by such means. The cage containing the bugs was 
then turned over by turning the bottle, so that the bugs were im- 
mersed in the liquid; one screw clip was closed, and the second screw 
clip was slowly opened till air bubbled through the wash bottle used 
to indicate the rate of release of air into the vacuum. This was so 
regulated that the air bubbled in quite slowly. A thermometer tube 
or other tube with a bore of 0.1 mm, or less was used to aid in reg-^ 
ulating the air supply as was suggested by Krogh. The joining was 
made with heavy rubber tubing and all connections were made air- 
tight with a little vaseline. 

The most important point in the whole technique was the slow fijp- 
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crease of the pressure which secured a complete filling of the tracheal 
system. After about half an hour the second clip was opened a little, 
eare being taken that the injection should never be completed in 
much less than an hour. When the pressure had risen to normal the 
bottle was disconnected and opened, and the bugs taken out and 
mounted in the paraffin dissecting dish previously described. 

CELLULAR TECHNIQUE 

The technique used for the cellular and more minute structures 
was the same as is ordinarily used for such work. The tissues were 
fixed and embedded in paraffin, sectioned, mounted and studied 
under low-, high- and oil-immersion lenses with a binocular com- 
pound Bauech-Lomb microscope equipped with an Abbe condenser. 
Attempt was made to use the projection microscope, but the lighting 
was insufficient under high magnification. 

f 

EXTERNAL MORPHOLOGY. 

Concerning the external morphology of the Notonectidae, and 
especially about the genus Buenoa, little seems to have been written 
or figured. From the viewpoint of pure morphological interest and 
from a consideration of the possibility of aiding in determining the 
phylogenetic or other relations of the order Hemiptera-Heteroptern, 
a thorough study of the morphology of Buenoa and the other genera 
of the Notonectidae might be of considerable value. No pretense 
of such a thorough study is made in this paper. What is given may 
help further study. The terminology used is intended to be in ac- 
cordance with that of the latest authorities. However, Ciampton, 
1916, wrote that the Hemiptera-Heteroptera were composed of four 
typical groups or suborders, and he called the notonectid group the 
Euhemiptera or true Hemiptera. He said that, “The true Hemiptera 
are so highly specialized that they are of no great interest from the 
standpoint of the study of phytogeny ; but the Homoptera give some 
valuable hints as to the relationships of certain of the higher forms.” 
(Ent. News, XXVII: 801.) 

Ashton, 1837, in a discussion of the wings of Hemiptera, figured 
and described the union of the wings of Notonecta. Berlese, 1909, 
in “Gli Insetti,” in that part of the volume dealing with external 
morphology, figured the abdomen and genitalia of Notonecta glauca. 
Hoppe, 1911, in “Die Atmung von Notonecta glauca” gave some 
descriptions and a few figures of both adults and nymphs. Rich. 
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1618, in describing the respiratory organs of a notonectid in 
South Africa, which he was not able to identify, gave two figures of 
the abdomen. Hungerford, 1918, in the University of Kansas 
Science Bulletin, gives a number of plates showing something of the 
adults and nymphs of the three genera, Notonecta, Buenoa, and Pl&a. 
Other figures have since been given of B. macrotibialis and B. lim- 
nocaatorit, 

HEAD. 

The head of Buenoa appears as in Plates XLIV and XLIX. The 
eyes are quite large in comparison with the size of the head and 
rather close together. They approach closest at the notocephalic 
margins of synthlipsis. In the species like B. margaritacea, they 
form, with the lines of the prothorax, a smooth contour as seen from 
a dorsal view. In those species more of the type of B. elegans they 
project laterally or appear to protrude beyond the lines of the pro- 
thorax when viewed dorsally. The ommatidia are quite regularly 
hexagonal. The epicranium or sclerite between the eyes is narrow 
and extends from near the ventral separation of the mesal or inner 
margins of the compound eyes to the caudal and dorsal part of the 
head, and seems to form the dorsal margin of the occipital foramen. 
The gense form the more lateral and ventral parts of the occipital 
foramen. The frons is not distinctly separate from the epicranium 
in the adults, but appears more so in the nymphs. The clypeus 
seems to be fused with the frons. The postgense are small and lin- 
ear. The gents are rather long and have a part beneath what ap- 
pears to be the beak. The trochantin of the mandible or basiman- 
dibula is rectangular and has the angle in front of the antennae lar ge 
and sharp, and is evidently used to produce sound by plucking with 
the front femur as described on page 278. The labrum is a small flap 
distinctly seen below the clypeus, and is covered with many fine 
setae which makes it appear like a moustache. (See PI. LI, Pig. 4.) 
The labium with four distinct segments has a ventral groove in 
which are contained the stylets consisting of a pair of mandibles 
and a pair of maxillae. The proximal segment in the females is con- 
siderably enlarged eternally. The part of the head to which it is 
attached is correspondingly large, probably to better acc ommoda te 
the larger salivary glandB that are present in the males. The proxi- 4 
mal segment in the males is rather inconspicuous. The second seg- 
ment in the males is prolonged laterally into prongs. On the lateral 
faces of these prongs are washboardUke' areas used in the production 
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of sound. Along the median line of these areas is usually* a row of 
very small but darkly chitinized toothlike setae which evidently aid 
in the process. The third and fourth segments of the beak are 
longer, and all are open ventrally with a narrow groove. Near the 
base of the beak and beneath the labrum the mandibles are seen. 
They often protrude at the end of the beak in mounted specimens, 
or live adults held under the binocular can be seen to make them 
protrude quite often. The mandibles and maxillae are rather loosely 
held together in the sheath of the labium. The mandibles have a 
row of serrate recurrent spines on the lateral surfaces at the tip. 
The mandibles and maxillae form the tube through which the juicy 
foods are taken. Time has not been taken to work out their exact 
relations and form. 

THORAX. 

Pbothohax. The prothorax appears to consist of an almost con- 
tinuous segmental ring of chitin, longer in width laterally than in 
length in the caudo-cephalic direction. Some evidence of sutures 
is seen at the ventral parts to mark off the sternite and the antecoxal 
pieces, but the pleurites appear tp have wholly fused with the 
surrounding sclerites. 

Mesothoeax. The mesothorax is more complicated than the 
prothorax because it bears the front wings or hemelytra. The 
dorsum of the mesothorax extends well cephalad under the dorsum of 
the prothorax and appears to be divided at the anterior margin into 
pairs of sclerites by three sutures. One extends caudad and dorsad 
on either side from the anterior and caudo-lateral margin. (See 
PI. XLIX, Fig. 2, dotted lines.) These sutures mark the dividing 
point of two sets of large muscles in the mesothorax. The sternum 
appears as a broad central plate ventrally between the mesothoracic 
legs. A suture marks off the mesal margin of the antecoxal piece 
as shown in the figures. (PI. XLIX, Fig. 1.) The pleurites appear 
as shown in figure 3, plate L. 

An interesting pair of sclerites, which appear at first to be ante- 
coxal pieces of the metathoracic legs, are two large ones called by 
Rich, 1918, extensions of the mesothoracic scutellum. These appear 
to arise from an episternite of the mesothorax, and extend caudad 
and ventrad, covering almost entirely the metathoracic coxse and a 
large part of the metastemum. They cover and help with their 
fringes of setaceous hairs to form the ventral air channels to the 
thoracic spiracles. This fringe of hairs is on the mesal and caudal 
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edges only in the adults, but appears also on the outer lateral 
edges in the nymphs, as is shown for the fifth-instar nymphs in 
plate LVII, figure 1 and 2. 

The sclerites about the base of the front wing have not been 
worked out thoroughly. The caudal margin of the mesothorax is 
joined broadly and firmly to the anterior margin of the metathorax. 

Spibacle. On the cephalic margin of the mesothorax, laterally 
and ventrally beneath the caudal margins of the prothorax, and in 
the more or less nonchitinous membrane connecting the prothoracic 
and mesothoracic segments, are the spiracles. They exist simply 
as a rather large opening in the membrane, and seem not to have 
any sclerites about them such as the peritremes of the abdominal 
segments. The insect seems to be able to close them in case of need 
by simply pulling the prothorax and mesothorax closer together, so 
that the posterior and anterior margins respectively telescope one 
another more closely. These spiracles appear to be the largest and 
supply the biggest and most remarkable array of tracheae in the 
whole body. This bunch of tracheae is no doubt so developed be- 
cause it supplies the air to the wing muscles. (PI. XLIV, TP.) 

Metathorax. The metathorax is the largest segment of the entire 
body. This must be because it contains the muscles of the hind 
wings most used in flight, and also those of the swimming legs which 
in the water are almost in constant use. The metathorax of Buenoa 
is relatively much larger and projects further caudad on the dorsal 
side than it does in the Notonecta. This may be due to the more 
constant use of the swimming muscles in Buenoa than in Notonecta. 

The exterior surface of the metathorax appears smoother than 
that of the mesothorax. The metathoracic tergite is divided on the 
dorsal median line by an internal projection or apodeme. This is' 
the largest sclerite of the body. The sclerites about the base of 
the wing are rather small and undifferentiated. The pleurites ap- 
pear large and distinct. (See PL L, Figs. 3 and 4.) The meta- 
sternum is a large ventral plate and possesses a large spinelike pro- 
jection extending caudad on the mesal line between the coxse of the 
hindlegs. (See PI. XLIV and XLIX, Fig. 1.) 

At the cephalic margin and from the dorsal surface there extends 
internally and ventrally, about two-thirds the diameter of the body, 
a large apodeme which apparently serves as & fastening for the 
muscles supplying the wings of both thoracic segments. *This 
apodeme pushes the dorsal aorta and oesophagus to a quite ventral 
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position in this region of the body. Another similar apodeme at the 
caudal margin of the metathorax does likewise, except that it does 
not extend so far ventrally, and extends cephalad and Interact at the 
same angle as is formed by the caudo-lateral margins of the meta- 
thorax to which it is also joined. (See PI. XLIV, IC and Ic.) 
Prominent ventral apodemes are also present which somewhat sur- 
round the ventral muscles leading to the legs. (See PI. XLVI.) 

The spiracle, with a somewhat hidden chitinous opening, is just 
beneath the base of the wing. (See PI. L, Figs. 3 and 4.) 

WINGS. 

The wings are figured in plate L, figures 1 and 2. For the fifth- 
instar nymphs, see plate LVII. Both wings are quite transparent, 
but the proximal area of the fore wing is more translucent. The 
wing venation is much reduced and quite difficult to determine accu- 
rately. The labeling given is approximate. ' 

The fore wing has two unique devices for fastening to the body 
when not in use. Such or similar devices have been figured for 
Notonecta by Ashton, 1837. The snaplike device at L in figure 1, 
plate L, fits into a sort of hook at L in figure 3 of the same plate. 
The snaplike device at B in the figure fits into another groove or 
hook at the median dorsal line of the body. The membranous part 
of the wing at the apex is quite coneshaped in life. In some species 
this part of the wing may aid in breaking the surface film when the 
insect comes to the surface of the water for air. In most of the 
Buenoa studied it does not do so. The film is usually broken by the 
abdominal hairs. 

The hind wing is quite delicate and beautifully iridescent. It is 
folded ill two folds beneath the hemelytra or fore wing. The veins 
of the region near the front margin are the only ones that are dis- 
tinctly visible unless the wing is mounted dry. The mounting of 
this wing is a rather difficult matter if one desires a perfect specimen. 

LEGS 

The legs of the thorax have each the same number of segments 
but are variously modified to suit the purposes for which they are 
adapted. All have the common segments, coxa, trochanter, femur 
tibia, two tarsal segments, and two tarsal claws at the end of .the 
distal tarsal segment. (See PI. XLIV.) 

The legs of the prothorax and the mesothorax are much alike in 
form, but those of the mesothorax have somewhat longer and more 
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slender segments than those of the prothorax. Many setaceous 
spines are so arranged that when the legs are flexed they form a crib 
in which to catch and hold prey. These spines may also aid in 
forming the ventral air chamber. They are lined in definite rows, 
especially on the tibie and femora. (See Pis. XLIV and LI, Pig. 
6.) On the front legs are the modifications for the production of 
sound described on page 278 and again on page 287. (See PI. LI, 
Fig. 4.) In this figure corresponding numbers are given to those 
parts which seem to work together in the production of sound. Their 
relative positions are the bases for the conclusions. The coxae of 
the two front pairs of legs are quite long and ventrally distinctly 
visible. The trochanter is rather short and V-shaped, with a num- 
ber of setaceous hairs or spines on the apical surfaces which help 
form the ventral air chamber of the thorax. 

The hind legs are especially modified for swimming, as they have 
a fringe of setaceous hairs on each side of the segments including the 
femur to the tarsal claws. The fringe on the femur is not strongly 
evident but it is well developed on the tibia and tarsal segments. 
The whole leg bears a strong resemblance to an oar. In the first-in- 
star nymph the fringe is found only on the tarsal segment. The tar- 
sal claws of the adult are of the same length at the tip of the tarsus 
as the swimming fringe and are much reduced and inconspicuous. In 
the nymphs they are much more conspicuous. 

THE ABDOMEN. 

General. Eleven segments are found in the abdomen. The first 
two caudad of the thorax are not distinctly separated, but are firmly 
joined together and to the caudal margin of the metathorax so far 
as the tergites and stemites are concerned. The pleurites are some- 
what more distinct and more easily separated. Each segment from 
the second one to the seventh, inclusive, is made up of a single ter- 
gite, two pairs of pleurites, and a single stemite. (See PI. L, Fig. 
4; and PI. XLIX, Fig. 1.) In the seventh segment there is ap- 
parently an extra pleurite on each side, making three pairs of pleu- 
rites for this segment, (See PI. LV, Figs. 4, 5 and 8; and PL LII, 
Figs. 8, 9 and 12.) Caudad of that the pleurites are simply chitin- 
ous membranes. The genital segments are left for later description. 

Hairy Fringe. Near the juncture between the two pleurites on 
either side of each segment, and extending cephalad from the seventh 
segment to the thorax, is a row of long, blackish, setaceous, aquifuge 
hairs which fold closely parallel to each other and mesad, form inn 
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the abdominal air channels. The tips of these hairs meet these from 
the opposite side in the cephalic part of the abdomen. Near the cau- 
dal tip they meet with shorter hairs on the ventral median carina. 
(See PI. LII, Fig. 12, for the male; and PI. LV, Fig. 8, for the female.) 
They are also figured on other plates, but are not usually drawn as 
long as they appear in life, because if they were one would not be 
able to distinguish other parts in the drawings. Under magnifica- 
tion these hairs are found to be nearly flat. Together with the sur- 
face tension of the air bubble which they hold they are able to keep 
water out of the spiracles. The surfaces of the air chambers also 
seem to be aquifuge. At the caudal tip of the abdomen this air 
chamber is divided by the median carina into two separate parts, 
but these parts unite shortly cephalad and continue as one to the 
head on the ventral surface of the body. 

Seventh Stehnite. The seventh abdominal stemite in the fe- 
males is projected caudally into a sharp V-^haped point on the 
mesal line. The function in oviposition of this sclerite has been de- 
scribed on page 271. It also serves as a ventral shield to the 
genital parts at the tip of the abdomen, and may aid with the ab- 
dominal hairs in breaking the surface film when the animal comes 
to the surface for air. (See Pis. XLlX L, LV and LVII.) 

Fifth Sternite. The fifth abdominal stemite in the adult is es- 
pecially large. It projects forward on the median ventral line until 
it almost divides the fourth stemite in two halves. (See PI. XL IX, 
Fig. 1; and PI. L, Fig. 4.) 

Foubth Sternite Area. Just mesad and caudad of the fourth ab- 
dominal spiracle, and on the fourth stemite, is a smooth, rather 
glandular-appearing area. It is quite noticeable ventrally in both 
males and females when the fringe of hairs forming the ventral air 
chamber is turned aside. Examined under high power it is found 
that the smooth surface is due to the fact that there are no set® on 
the sclerite at that place. The entire inner surface of the air cham- 
ber next the body, except the peritremes around the spiracles and the 
area just mentioned, is covered with quite an even distribution of 
minute Bet®. They seem to aid in making the surfaoe aquifuge. 
Just what function this smooth area may have is not known. It was 
closely examined for glandular openings, but none were found. 

First to Third Sternitbs. It has been written that the first and 
second stemites were closely united. Berlese figures those for No- 
tonecta glaum. He shows the first stemite to have internal projec- 
tions or apodemes, but otherwise to be quite small. Buenoa appears 



Babe: Studies of the Genus Buenoa. 298 

* 

to bare the first stemite quite large, extending forward and laterally 
to a point near the middle of the methathorax. Immediately on each 
side of the median ventral line, and projecting internally and 
caudally from the first stemite, are two darkly chitinieed and quite 
long apodemes. The caudal extremities of these processes extend 
into the third or fourth abdominal segments. Muscles which appear 
to aid the hind legs in swimming are attached to them. The second 
stemite, closely united to the first, is a narrow sclerite immediately 
caudad of the first, and extends to the large, second abdominal 
spiracle at its anterior lateral corners. The third stemite, im- 
mediately caudad of this, is narrow and is the first anterior one of 
the venter to be colored darkly. 

Sp ibacles . The spiracles are at the lateral edges of the stemites. 
All are quite large compared with those of Notonecta. Each one, 
except the first and eighth, are distinctly marked by the white color 
of the peritremes, in strong contrast to the blackish color of the 
sclerites which surround them. Those of the second and fifth seg- 
ments are the largest. The first abdominal spiracle is so far for- 
ward that it appears superficially to be at the middle of the meta- 
thorax. (See PI. L, Fig. 3 ; and PI. XLIV.) The eighth one does not 
appear except in the nymphs. (See PI. LVII, Figs. 1-4.) In the 
adult it has atrophied because of the retraction of the segments 
caudad of the seventh. It may be rather nonfunctional in the 
nymphs. 

Swimming Hairs. In both male and female a row of long, silky, 
setaceous, free-swimming hairs is found near the junction of the 
seventh tergite with the pleurites. This row usually extends ceph- 
alad on to the same part of the sixth segment. (See PI. LII, LV, 
and LVII.) The function of these hairs seems to be to aid in balanc- 
ing the bug when at the surface film for air. When it is in that posi- 
tion these hairs appear to attach themselves to the film, and serve as 
anchors. They also may help some in swimming, serving somewhat 
as rudders or like the tail fins of a fish. 

Dor&vl Spine. In the adult male, on the sinistro-caudal margin of 
the seventh tergite, is a long and often quite black spine. The' ap- 
proximate partB of the tergite are so modified as usually to make the 
whole segment somewhat unsymmetrical. A corresponding spine or 
“strigillum” is found on the males of the corixids, but in that family 
the adjoining sclerites are much more unsymmetrical. This structure 
seems to be another indication of some *relationship between the 
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Notonectid® and the Corixid®. Whether a similar spine* is even 
found in Notone eta, or the other genera of that family, has not been 
.determined. The purpose of thife spine has not yet been teamed. It 
ia supposed that it is of some use in mating. It appears to have 
nothing to do with holding the wings in position or other such use, 
and is not found in the females. The males of every species of 
Buenoa studied possess it. (See PI. LII, Figs. 9 and 11 ; and Pis. 
LIII and LIV.) 

Heabt Abba. On the dorsal median line of the second to the 
fifth abdominal tergites, inclusive, is a very thinly-chitinized mem- 
branous area. This area almost divides the tergites of these seg- 
ments into two halves. If a live adult bug is held in position with 
the dorsum upward under a high-power binocular regular pulsating 
movements can be seen. These movements are caused by the dorsal 
vessel, or heart. An enlarged portion, and probably the most func- 
tional part of the heart, is located there. 'The membranous portions 
of the tergites there allow more expansion and freer movements of 
that organ. (See Pis. XLIV and XLIX, Fig 2.) 

External Gland Openings of the Male. In some species of 
Buenoa, B. margaritacea and those of similar size and appearance, 
the males possess near what seems to be the junction of the pleurites 
of the first and Becond abdominal segments, on each side, a pair of 
small, blackish, glandular-appearing spots. These spots are also 
underneath the edges of the hemelytra when closed and beneath the 
outer lateral edges of the large shieldlike plates over the bases of the 
metathoracic cox®, but are still plainly visible from the exterior 
In one or two species, probably not yet described, similar spots are 
found which are not black. The spots are distinctly visible to the 
naked eye, vary somewhat in size, but are about one-half millimeter 
in diameter. When viewed vertically with magnification they have 
somewhat the appearance of a rather large, thick doughnut with a 
small hole in the center. The hole is probably the opening for the 
discharge of some fluid upon the surface of the body from what 
appears to be a gland underneath. The colored part at the surface 
of the body around the opening consists of many small, very darkly 
colored or chitinixed cells. Most of the cellB are very perfectly 
hexagonal in form. The thinly membranous chitin surrounding the 
organ enables one to easily pluck it out. The outer colored portion 
is quite hard and projects a little way above the surface. When 
plucked out a string of tissue clings to it somewhat as shown in 
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figure 1, piste LI. This distinctly visible glandular opening, visible 
although somewhat covered at times with translucent wings, may 
prove of considerable taxonomic value aside from its morphological 
interest. The function is not known. It may be a scent gland for 
the attraction of the females, or it may provide the oily, aquifuge 
substance covering the interior of the ventral air chamber. (See 
PI. L, Fig. 3 G; and PI. LI, Figs. 1 and 2.) 

The suggestion may occur that this structure is a modified 
spiracle, but all the spiracles have been accounted for, one each in 
the mesothorax and metathorax and the first eight segments of the 
abdomen. Sectioning has not yet been successful enough to give 
any further information about it. 

GENITAL SEGMENTS. 

Tebgites. The eighth abdominal tergite is the last one which is 
very distinctly seen from a dorsal position. The others may all be 
seen in the female if properly extruded. The eighth tergite is very 
similar in shape and appearance in both males and females, but in 
the females it more closely incloses the tip of the abdomen. At the 
caudo-latcral edges it is prolonged somewhat into a sort of oval flap 
or projection which covers the more caudal segments. This pro- 
jection is called by Berlese in Notonecta glauca the procercus. The 
outer surface of these projections is covered by one or two patches 
of small set®. (See Pis. LII and LV.) 

The ninth tergite in the female has on the median dorsal line a 
cluster of setaceous hairs projecting through the opening of the 
eighth tergite. To its anterior projections and at the lateral mar- 
gins are attached the ovipositors. (See PI. LV.) In the males the 
ninth tergite is almost a nonentity. It is a thin membranous piece 
projecting under the eighth tergite, and almost entirely invisible* 
from the exterior. (PI. LII.) The genital claspers apparently arise 
from it. 

The tenth tergite is distinctly visible in both males and females. 
Ip the male it is covered dorsally with a fine, silky coat of set®, 
and appears to stand up dorsally at an angle over the anal opening. 
In the female its outer surface is comparatively smooth, and the 
styli or acrostyli, so named by Berlese, seem to arise from its ventral 
margin. 

The eleventh tergite ip the female shows distinctly as a Soft chit- 
inous point at the tip of the abdomen and adjacent caudally to the 
tenth. It seems to be directly over the final opening ventrally near 
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the junction of the tenth and eleventh segments. In the ttale it is 
almost invisible, but appeals as a elicit projection at the tip and 
beneath the tenth tergite, above the anal opening. (See Pis. LII 
and LV.) 

Sternites. The stemite of the eighth abdominal segment in the 
female is retracted within the body and dorsad of the seventh ster- 
nite. Its anterior end is opposite the anterior end of the seventh 
sternite. It seems to be divided into two halves, connected by a 
thin, almost nonchitinized membrane. (See 8 in figures of Pi. LV.) 
It is certain this sclerite, as shown in the figures, represents the 
eighth stemite, because the trachea leading to the nonfunctional 
eighth spiracle joins it at the outer lateral margin, a position homo- 
logous with the position of the spiracles in the more anterior seg- 
ments. In the male the eighth abdominal stemite extends caudad 
from the hind margin of the seventh stemite beneath and inclosing 
the genital bulb, or ninth stemite, in the' position analogous to that 
of the seventh stemite in the female. 

The ninth stemite in the female seems to consist of two chitinous 
rods connected by an almost nonchitinous membrane and inclosed 
by the eighth stemite as shown at 9 in figures of plate LII. These 
two rodlike structures extend cephalad to the anterior margin of the 
eighth and seventh stemites. At the caudal end of those rods, and 
between them and the lateral prolongations of the ninth tergite, the 
ovipositors are attached. In the male the ninth stemite is very dis- 
tinct, and is commonly called the genital bulb, since it forms the 
ventral inclosure for the genital claepers and oedagus. Below it ven- 
trajly is the eighth stemite, caudally tipped like the seventh stemite 
in tfye female. (See Pis. LII and LV.) 

The tenth and eleventh stemites seem to be very weakly repre- 
sented by any structure or sclerite in either male or female. Pos- 
sibly the tenth stemite is represented by a small chitinous piece be- 
tween and beneath the genital claspers in the male and known, in 
the Hbmoptera at least, as the connective. The development in the 
fifth-instar nymph seems to indicate this. In other cases the stej- 
nites are represented, if at all, by very small and thinly chitinized 
membranous parts. In the tenth and eleventh segments of the fe- 
male they apparently are crowded to the minimum by the gona- 
pophyses, which occupy most of the ventral position. Id the male 
eleventh the same thinly chitinized part must be all that remains. 
(See Pis. Ln, LV and XLIV.) 

In the male the anal opening is above the oedagus and near the 
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extremity of the tenth tergite on the ventral side. In the female it 
is in a similar position between the base of the eleventh segment 
and the styli. (See Pis. XLIV, XXV, LII and LV.) 

GONAPpPHYSES. 

Adult. Folsom, 1922, writes that “Most authorities have found 
that the gonapophyses belong to the segmental series, or pairs, 
appendages — are homadynamous with limbs — and pertain com* 
monly to abdominal segments eight, nine and ten; though there are 
different views in regard to this.” The results of this study seem 
to show the ovipositor proper to be connected with the ninth segment 
of the abdomen. Two other ventral pairs of structures having the 
appearances of being gonapophyses are caudad of the ovipositor. 
These are figured as St and Sty in plates XLIV, XLV, L and LV. 
The ovpositors are figured in the same plates and plate LVI as 
Ovip. The pair of sclerites marked St terminate in two minute 
sharp points at the caudal tip, seem to be divided but closely united 
along the median ventral line, and appear in the position of a ster- 
nite on the tenth segment. Because of the delicate membranous 
nature of the cephalic ends of these sclerites it is difficult to be 
certain whether or not they may not belong to the ninth segment. 
The third and last pair of what must be gonapophyses (for cerci 
are present only in the more generalized insects) are rather large, 
black-tipped organs, marked in the plates as Sty. Berlese likely 
would call them acrostyli, or acrocerci, and the ones immediately 
cephalad of them the mesostyli or mesocerci. They are covered 
with many fine bristlelike set®. They appear in the adult to be 
attached also to the tenth segment. They are used in oviposition, 
as has been described. The opening of the oviduct is between and 
at the cephalic end of the pair of sclerites, marked St, which are 
rather nonfunctional and rudimentary. 

In the male adult the gonapophyses seem to be represented only 
by the genital claspers and the eedagus. The claspers, which are 
unsymmetrical, the left or sinistral one being larger and hooked at 
the tip, am attached to the ninth segment, as are the ovipositors. 
Also, they are closely bound by tough tissue to the connective, which 
must be the stemite of the tenth segment From the caudal side of 
the connective and beneath it the oedagus arises and extendtoaudad. 
It consists of a series of ringlike segments or rings forming a tube 
opening at the caudal tip of the body. The claspers account for one 
pair of the gonapophyses. The oedagus accounts for another. If 
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there are any parts which represent a third one of the gonapophyses 
ip the adult male they have not been discovered positively. 

Ffrom the studies of the adults there are two pairs of gonapophyses 
attached to the ninth segment and one pair attached to the tenth. 
At least the structures indicate that, and authorities have found 
some variation from the rule of eight, nine and ten. 

DEVELOPMENTAL STUDIES. 

External. Some attempt was made to trace the development of 
the genitalia in the instars. Externally no marked change takes 
place in the development of the nymphs, so far as the genitalia are 
concerned, except in the ventral sclerites at the tip of the abdomen. 
The seventh abdominal sternite shows the most marked changes 
in development, and by observing its shape and size the males and 
females may be distinguished as early as the third instar. In the 
first and second instars it is practically impossible to distinguish 
any difference, and it is quite difficult sometimes in the third instar. 
Beginning with the fourth instar, however, it is an easy matter to 
distinguish the sexes. The other sclerites caudad of the seventh 
sternite also show considerable development in the fourth and fifth 
instars. It is in these instars that the eighth abdominal spiracle 
is especially visible. (See PI. LVII.) At the tip of the abdomen in 
all the instars is a rather large, flaplike sclerite ventrad of the anal 
opening, called by Hoppe, 1912, the analkonus It must represent 
the sternite of the eleventh segment. This structure entirely dis- 
appears at the end of the fifth instar. (See PI. LVII, Fig. 3, A.) 

In the female the seventh sternite is prolonged eaudally, while 
in the male it is more rectangular. The sclerites of the sternal side 
of the ninth, tenth and eleventh segments, including the developing 
gonapophyses, also seem to be represented. The styli, Sty, are dis- 
tinctly visible as little darkened projections. The pair just cephalad 
of these is represented by a mere point, as at e in plate LVII, figure 
4. The ovipositors seem to be represented by small, rectangular 
areas, d, in figure 4, and the stemites of the eighth, ninth and the 
tenth segments by a, c, e, respectively. 

In the male the developing genitalia have no external counterpart 
in the nymphs, so far as could be seen. Only the stemites have cor- 
responding sclerites represented. (See 9, 10, A, in Fig. 3, PI. LVII.) 

The caudal part of the tip of the abdomen in both males and fe- 
males, on the dorsal surface, shows little if any indication of seg- 
mental arrangement, but is .covered with patches of set® as in the 
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adult. These set® probably aid the bug in keeping its equilibrium 
in the water and in giving it more floating ability. 

Intebnal. An attempt to dissect out the developing genitalia and 
study their forms was made. This was done with the expectation 
that it might throw some light on the structures as found in the 
adult. Since the parts were soft, and for the most part not held in- 
tact by coverings of chitin, it was a rather difficult undertaking. 
Some evidence was obtained from the fifth-instar nymphs and a 
mere trifle from the fourth. In the earlier stages nothing could be 
distinguished since the parts were not clearly differentiated. The 
materials were such as had been preserved in 85 per cent alcohol. 
Some had been fixed in picrosulphuric acid. 

For the female the parts as dissected out are represented in figure 
6, plate LVII, for the fifth instar. The fourth instar appeared much 
the same except that it was smaller. The origins of the parts could 
not be distinguished clearly, but seemed to bear out the studies and 
conclusions on the adult. 

In the study of the fourth ingtar very little could be distinguished 
of the developing genitalia of the male. The parts were very much 
all one nfass. With the fifth instar some detail was available. Fig- 
ure 5, plate LVII, represents what was found. Here it is seen that 
the oedagus appears bifurcate at the tip, showing its development 
from a pair of gonapophyses, as has been found in other studies. 
The pair of gonapophyses not seen in the adult seems to be present 
'here as at A, figure 5. It must fuse with the pair forming the cedagus. 
The pair representing the genital claspers in development is quite 
evident, as at c, figure 5. 

The locations of the gonapophyses were the same as were found 
in the adults. It is desirable that further and quite careful studies 
be made to verify these results. 

COMPARATIVE STUDIES. 

Ovipositors. A brief study of the ovipositors, to see if the number 
and position of the teethlike set® might be of specific value, has been 
made and i z appended here. To get absolutely reliable data these 
studies would have to be extended over a much larger number of in- 
dividuals. Not more than three or four individuals were used from 
any one of the places named, and in some cases just one, because of 
the lack of sufficient material. * 

The number of teeth on the cutting edge of the ovipositor was 
taken for one count. The number of teeth not on the regular cutting 
edge of the ovipositor, but situated cm the sides and out of alignment, 
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as at A In plate LVI, was taken as another count. The counts were 
made under transmitted light with oil immersion or high power 
magnification. 

Number a f 

Number Number tpeciment 
Locality label and epemflc name, on edge. on mde. examined, 

Bryant’* Bog DougUg Lok*, Michigan (B. macroti - 

btaht paratype specimen) 40 and 41 — 1 

Douglas county, Kansas (B. margantacea) S3 and 35 2 or 8 4 

Chile, South America (Undetermined) 50 and 48 4T 1 

Bryant's Bog, Douglas lake, Michigan (Undetermined), 40 and 88 4 8 

Benson, Minn. (Undetermined) . w 87 none 8 

Siubb’s pond, Douglas county, Kansas (Undetermined), 87 2 or 8 8 

Superstition mountains, Ansona (Undetermined) ... 85 2 or 8 1 

Sedge Point pool, Douglas lake, Michigan (Undeter- 
mined) 80 and 81 2 or 8 2 

It will be seen that the number of teeth on the cutting edge of the 
ovipositor varies from 30 to 50 , and that there is some variation in 
the number not on the cutting edge. There are also other characters 
of the ovipositors, which may be taken as indicating specific value. 
(See PI. LVI.) # 

Genital Claspehs and Spines. A little more detailed and ex- 
tensive study of the genital claspers and the spine at the caudo-sinis- 
tral margin of the seventh tergite was made than of the ovipositors. 
The results are shown on plates LIII and LIV. The plates are 
largely self-explanatory. Only a few specimens of each were used, 
but the shapes and sizes seemed to be fairly constant for the speci- 
mens from any given locality. 

It will be noted that there are some differences, but often they are 
so slight that they would not be considered of much specific value. 
The pair of claspers of a species of Buenoa from Chile, South Amer- 
ica, will be seen to be one about which there could be no mistake in 
saying that they are distinctly specific. Another one from the Super- 
stition mountains, Arizona, is readily distinguished by its size. There 
are at least three types of spines which are quite distinct. While 
it may be said that these characters as a group are not of specific 
value, yet it must be acknowledged that there are several individual 
instances in which they are, no doubt, of specific value. Such a study 
as, this needs to be worked out with a larger number of cases before 
absolute conclusions may be drawn. 

Sound Devices. The following notes have been made of the num- 
ber of setaceous teeth and spines on the sound-producing areas of 
the anterior lep of the males: 

B. margantacea: Right tibia, 27 teeth; left tibia, 20 teeth; one spine on the 
coxa. 

B. elegant: Forty teeth on each tibia; 2 spines on the coxa. 

Buenoa from Chile: Right tibia, 8 teeth (probably some broken off in hand- 
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Sag; left tibia, 12 teeth. A raw at epinee on femur jo*t opposite the teeth on 
the tibia..,, No visible sound-device area on t)w lemur, and no spine visible at 
corresponding place on the coxa, as in thft, above species. 

Other differences have been noted which have specific' value. In 
specimens taken about Lawrence, Kan., and which superficially look 
much like B. margaritacea, the males have two constantly differing 
forms of the sound-producing areas on the front femora. Specimens 
from other localities have similar differences. Evidently there are 
several species not yet fully described. 

INTERNAL MORPHOLOGY. 

Brief and preliminary studies were made of the internal morphol- 
ogy in connection with working out the tracheal system and the 
associated hemoglobin cells. Some notes and plates are given here- 
with showing the parts and structures which are not greatly different 
from what is found in other Hemiptera. 

DIGESTIVE TRACT. 

For a general idea of the digestive tract see plate XLVIII, figure 1. 
When dissected out it measures about two and one-half times the 
length of the body. Beginning at the head we find the salivary 
glands divided into four groups or clusters. The foremost group lies 
partly in the head next the beak and in the prothorax. The hind- 
most group lies farther back and mostly in the metathorax. Riley 
and Johannsen have figured the salivary glands of Notonecta macu- 
late, after Bugnion and Popoff in their “Handbook of Medical Ento- 
mology,” page 28. For Buenoa practically the same sort of struc- 
ture has been found. 

The oesophagus is a long, slender tube as it extends through the 
thorax and beneath the dorsal apodeme as figured in plate XLIV. 
What appears to be the proventriculus is reached in the caudal part 
of the metathorax and extends for some distance into the abdomen. 
Sectioning shows no chitinous teeth or anything of the kind in this 
region, but the walls are very thick and seem to be of a glandular 
nature. The lumen at this point is little larger than in the oesoph- 
agus. No gastric cseca seem to be present, and if such ever have 
a glandular function, that function must be performed in Buenoa by 
the thickened glandular walls of the proventriculus. 

The mid-intestine is considerably coiled about, but not as long, as 
might be expected in an herbivorous animal Toward the caudal end 
it appears to be somewhat segmented, and is supplied with a great 
many trachea. 
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Evidently the processes of digestion and absorption are quite ac- 
tive at that point. 

The hind-intestine is rather small, as might be expected of a pre- 
daceous bug living on animal foods, but possesses a fairly large rec- 
tal csBcum, as do some herbivorous insects. At its anterior end arise 
the Malpighian tubules. These are brownish, knotty-appearing 
tubes, and when traced out thoroughly are seen to form two loops 
as shown in plate XL VIII. The two ends of each loop appear to 
arise from the intestine laterally at about the same point. If rectal 
glands are present they were not observed. 

NERVOUS SYSTEM. 

The ventral nervous system appears to possess five abdominal 
ganglia from which the nerves can be seen branching to the various 
organs. Its location in the abdomen is ventral, and on the mesal 
line below the haemoglobin cell clusters, as shown in plates XLIV 
and XLV. In the thorax it is much larger and thicker, due to the 
three or four large ganglia there. Some cephalization of the ganglia 
of the entire ventral cord is observed. In the head the ocular lobes 
are quite large. 

CIRCULATORY SYSTEM 

The dorsal vessel, or heart, is found to be in the position indicated 
in plates XLIV and XLV. The enlarged portion next the dorsal 
line of the second to fifth segments of the abdomen has been men- 
tioned on page 294. The aorta is seen to be much depressed in po- 
sition by the dorsal apodemes of the thorax and to extend forward 
just dorsad of the oesophagus to the supraoesophageal ganglion, as 
is usually the case. Several times in dissecting, the heart was ob- 
served pulsating in the salt solution in which the specimen was im- 
mersed. Also, in the observations described on page 294 it was seen 
pulsing. The rate of pulse was about 70 per minute. The peri- 
cardial cells about the wing muscles seemed to have no definite ar- 
rangement in the specimens examined. 

Locy, 1884, observed pulsating organs in the proximal ends of the 
tibia of a number of water bugs, including Notonecta, and described 
and figured those in Benacus, Nepa, and one or two others. He con- 
cluded that the organs which he observed were entirely separate 
from the musculature of the legs, and observed under magnification 
the corpuscles of the insect's blood flowing through them. He stated 
that the pulsating organs which he observed aided the flow of the 
blood in both directions through the extremities. The same phe- 
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nomena were observed in this laboratory in the prothoracic and 
mesothoracic legs of Buenoa. This might be expected, since it is 
a genus related to Notonecta. 

GENITAL SYSTEM. 

The internal organs of the genital systems of both male and fe- 
male are figured in plate XLVIII. In the male the testes appear to 
consist of three parts, and are located ventrally just caudad in the 
abdomen of the second abdominal spiracle. (See, also, Pis. XLIV 
and XLY.) Large trachea? from that spiracle supply them and seem 
to support them. If a ligament of the testis or ovary was present 
in the specimens dissected it must have been very inconspicuous. 
Each part of the testis appears to consist of a long tube coiled up 
in a roll and inclosed in membranous covering. The vas deferens is 
a long tube of uniform diameter about two and one-half inches in 
length. The bug’s body is only about 7 mm. long. This tube is 
coiled with its mate from the opposite side into a great mass in the 
caudal part of the abdomen. (See PI. XLVIII.) Just before the 
two vasa deferentia extend caudad of this mass they unite into 
the ejaculatory duct. Near this union are three short-knobbed, 
glandlike organs, probably accessory glands. 

In the female the ovaries are located and supported by the tra- 
cheal tubes from the second abdominal spiracle, as was found for 
the testes in the male. The oviducts leading caudad from them, 
dorsad and between the haemoglobin cell groups, unite directly 
into the bursa copulatrix. From the dorsal surface of this, and at 
an enlarged portion, extends a long, coiled tube inclosed in a delicate 
membrane and with a knoblike enlargment at the end. This 
tube is about four times the length of the body of the adult insect, 
and appears to be the si>ermatheca. (See PI. XLVIII, Fig. 2, Sp.) 

RESPIRATORY SYSTEM. 

The respiratory system is not greatly different in most respects 
from what is found in most Hemiptera. It consists in the main 
of ten pairs of spiracles in the nymphs, one of which is atrophied- in 
the adults; longitudinal tracheae on each side, from the caudal 
atrophied spiracle of the eighth abdominal segment to the meso- 
thoracic spiracle of the suture between the mesothorax and the 
prothorax; and of transverse tracheae between the corresponding 
spiracles of each segment, except possibly the metathorax, and the 
first and second abdominal segments. The longitudinal connection 
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between the first and second abdominal spiracles is quite difficult 
to trace. The branching and rebranching and the extraordinary de- 
velopment of the trachese in the thorax is remarkable. 

L’Organe Tracheo-parenchymateux. Ferriere, 1914, described 
and figured what he called, “L’Organe tracheo-parenchymateux de 
quelques Hemipteres aquatiques.” These were two white organs on 
either side of the dorsal vessel in the thorax which were penetrated 
with a great number of small trachese. He found them in Nepa, 
Ranatra, and Naucoris; but did not find them either in Corixa or 
Notonecta. He seems to have concluded that they were degenerate 
groups of muscles in the thorax of insects which no longer used 
their wings as they once did in their phylogenetic development. 

In plate XLIV is figured a remarkable group of trachese which 
in the thorax seems to be homologous with “L’Organe tracheo- 
parenchymateux” of Ferriere. There are other such groups of 
trachese in the thorax of Buenoa, but none so large and with such 
remarkable development of trachese as this one. The plate shows 
just one of them in lateral view. There are two just like the one 
figured. Each one lies in an almost vertical plane extending dorso- 
ventrally on either side of a mesal* rectangular group of muscles 
which extend caudo-cephalad between the anterior margins of the 
mesothorax and the large dorsal apodeme at the anterior margin of 
the metathorax. By carefully dissecting a dried fresh specimen of 
Buenoa they are most easily seen. Each one of these groups of 
trachese seems to supply the muscles between them. This must have 
been once true of the organs figured by Ferriere. The organs he 
described were white. These also are whitish when the trachese are 
filled with air. The organs he described in Ranatra were examined 
in specimens of Ranatra fusca and found to bear a marked resem- 
blance to those of Buenoa. 

HEMOGLOBIN CELLS. 

References. The haemoglobin cells, as mentioned in the intro- 
duction, are closely associated with the tracheal system and should 
be considered in connection with it. Definite haemoglobin cells, 
or cells containing haemoglobin, were first found in the larvae of 
Oastrophihis equi. It appears they have been found in jxo other 
insect except Buenoa .* They were first observed and described 
from the larvae of the horse botfly by Enderlein (25), 1899. The 
next year, 1900, they were more fully described and figured by A. 

* Poisson Paces 292-201, Archives de Zoologie Expenmen tale, T. 06, Fas. 4, 1920, de- 
scribes these cells in the Anisops 
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Prenant (64), of Nancy, France. Other short articles were written 
about these cells just previous to that time and immediately after. 
In 1909 Portier, in “Physologie de L’appareil respiratoire des larves 
D’Oestre,” gave about the last original investigation concerning 
these cells that is found in the literature. Berlese, 1909, in “Gli In- 
setti” refers to the literature and sums up the knowledge then ac- 
quired. Rollet as early as 1861 had discovered that there was 
hemoglobin in the common blood worm or Chironomus larva. But 
in the Chironomus larva there seem to be no cells in which the 
hemoglobin is confined. Dr. H. B. Hungerford reported hemo- 
globin in the cells of Buenoa in 1922. 

Abkangement. The red cells in the abdomen of Buenoa, which 
in living material is a bright scarlet color and dark red or black in 
museum specimens, occupies in some cross sections of the body 
nearly one-third of the abdominal space. The groups into which 
these cells are clustered surround and are attached to the trachea 
which come from the spiracles of the third to the seventh abdominal 
segments, inclusive. (See Pis. XLIV and XLVI.) In plate XLVI 
will be seen something of the grouping of the cell clusters as they 
usually appear in specimens when the dorsum is removed. 

There are two rows of the cell groups on each side of the meson. 
One row is on the outside from the meson. Through this row the 
main tracheal trunks arise dorsally from the spiracles beneath to 
the longitudinal trachea and digestive tract above. This outer row 
' consists mostly of one cell group to each segment of the body. 
Sometimes the branch trachea leading to the digestive tract leaves 
the main stem trachea before it emerges above the cell group. This 
is true of those in the third and fourth segments especially. The 
others leave the stem above the cell cluster. (See PI. XLVI.) Some 
of the cells are attached at the extremities of branch trachea coming 
from the main trunk arising through their midst. Others are at- 
tached at the extremities of trachea coming directly from the 
spiracle. (See XLVII, Fig. 2.) 

The inner row of cell groups next the meson consists entirely of 
cells in groups about the ends of treelike branched trachea arising 
from the same spiracles as do the main trunk trachea. They are 
arranged in one group to each segment except in the fifth and sixth 
segments. There the spiracles are especially large, and the internal 
development of the trachea and the attached cells is correspondingly 
large. Often in the fifth and sixth segments m the inner row there 
may be four or five groups of the cells. 
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In segment three of the abdomen the cell groups are rather small, 
due to the fact that this part of the abdomen is largely occupied 
by the ovaries or testes which arise or are supported by trachese 
coming from the second abdominal spiracle. Also the length of this 
segment is much shortened, and near the meson the large apodeme 
with their attached muscles extend caudad from the first sternite. 

Again the cell groups are somewhat smaller in the seventh ab- 
dominal segment. Here the reason is that the space is mostly 
taken over by either the large coil of vasa deferentia in the male or 
the coiled spermatheca in the female. Also, in the female especially, 
the more caudal segments are here retracted and occupy much of 
the space. 

The trachese branching from the atrophied eighth abdominal 
spiracles do not supply haemoglobin cells, but extend to the ovarian 
tubes or vasa deferentia and the parts of the genital segments. 

Each cell group so named is loosely held together by a delicate 
peritoneal membrane. This delicate membrane may be demon- 
strated in two ways, either by gross dissection or by sectioning the 
abdomen. It is seldom in gross dissection that it will be seen, except 
when particular care is taken to shave off the group very carefully 
in physiological salt solution close to the spiracle. Usually it is 
broken and does not hold the cells together in a manner to attract 
attention. Many gross dissections were made before it was dis- 
covered. 

The group with its surrounding membrane was transferred with a 
pipette and suspended in salt solution to a slide and studied under 
low-power microscope for some time before it would break. Fre- 
quently renewing the evaporating salt solution, by adding some 
that was fresh with a pipette, prolonged the time the membrane 
would hold intact. In such a position it appeared holding the cells 
in a cluster more or less spherical, as shown in plate XL VII, figure 3. 
After a time some of the cells would begin to haemolyze, probably 
due to too much salt in the solution, which was constantly evap- 
orating. The hsemolyzed material, like little reddish droplets of 
oil, would bubble out from the cluster through openings in the 
surrounding membrane. It was stated in the preceding paragraph 
that the cells seemed losely held together by the surrounding mem- 
brane. It may have been that there were natural openings in the 
membrane at frequent intervals, allowing the body fluid or blood 
to freely circulate between the haemoglobin containing cells. Such 
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is a matter which needs more demonstration. The membrane itself 
may have broken down in the supersaturated salt solution or it may 
have been slightly punctured in removing. This technique was 
repated several times, with always the same result. 

On most every slide containing a number of sections of that part 
of the abdomen containing the haemoglobin cells there are some 
which plainly show the inclosing membrane. Most of the slides in 
this study have been stained with eosin and Delafield’s hematoxy- 
lin stains. But few nuclei have been observed in the membrane. 

Structure. Plate XLVII, figure 1, shows the structure of the cell 
and the manner of its attachment to the trachea. The large tracheae 
branch and rebranch into smaller tracheae until the whole mass has 
much the appearance in form of a tree. At the end of the twigs or 
tracheoles (small tracheae without taenidia, perhaps), the cells con- 
taining the haemoglobin are attached. Each individual cell has about 
the shape shown in the figure, an oblong cell tapering at each end. 

The masses of cells taken from fresh bugs were mounted in newly- 
made physiological salt solution on a slide and picked apart under 
a binocular with fine needles, so that the individual cells could be 
distinctly seen. A cover slip was then dropped over them, and 
they were carefully and repeatedly studied with the oil immersion 
objective and No. 10 oculars on a Bausch-Lomb compound binocular 
microscope. In this manner many details could be observed in the 
evidently yet-living cells. Most of the details were the same as 
were afterwards observed in sectioned material. 

A number of tracheoles branch out from the point of attachment 
of the cell to the small trachea and pass out in almost parallel but 
curving lines toward the opposite pointed end of the cell. Cross 
sectioning shows most of these tracheoles to be just underneath the 
periphery of the cell. The periphery of the cell is a rather tough 
membranous covering retaining the protoplasm within. In the liv- 
ing, unstained material the nucleus is distinctly seen in the cyto- 
plasm as a globular, lighter-colored area. Within it can be seen 
some darker areas but not in definite outline. The rest of the cell 
shows, aside from the nucleus and the tracheoles, an even, slightly 
pinkish color, due to the oxyhemoglobin present. 

In the fixed, mounted and stained material the same details of 
structure can be seen as given above. But the nucleus stains darkly 
with Delafield’s hematoxylin, and the remainder of the cytoplasm 
an even pinkish color with eosin stain. In addition small granular- 
like specks are seen distributed throughout the cytoplasm and some 
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larger, dark-stained bodies. Some may be fat bodies and some the 
by-products of the cell metabolism. (See plate XLVU.) 

In most if not every detail of structure the cells are very much 
like those figured by Prenant in his “Notes Cytologiquee” on the 
hemoglobin cells of the larvae of Oastrophilus equi. 

Development. Of the development of the haemoglobin cells in 
Oastrophilus equi, Prenant, 1900, thought there were certain fat 
cells about the tracheae which became modified into hemoglobin 
cells. He gave a figure in one of the plates he produced, “planche 
XV, figure 3” of his “Notes Cytologiques VI,” showing the grada- 
tions and all the stages between the fat cell proper and the cell 
containing hemoglobin. But Prenant seems to have thought they 
were ectodermal in origin. Adipose tissue is usually considered 
mesodermal in origin. Berlese, 1909, in summing up the matter in 
“Gli Insetti,” discusses the probability of whether they were ecto- 
dermal or mesodermal in origin. < 

Portier, 1909, in writing of the physiology of the respiratory ap- 
paratus of the horse botfly larva, said: “On a distingue deux sortes 
de cellules trachaeles; les unes anterieures, dont le protoplasma est 
bourre de reserves graisseuses; les autres posterieures, teintes 
d’hemoglobine.” He did not discuss the origin and development of 
these cells, but simply made the above statement, and then discussed 
certain experiments which he tried on the living lame with various 
colored oils and other substances. 

It has been noted that there are also two kinds of cells about the 
trachee in the abdomen of Buenoa, the fat cells and the hemoglobin 
cells. This suggests that in this case, also, the hemoglobin cells may 
be fat cells modified as in the horse botfly larve. The fat cells in 
the adult are found more especially around the trachee leading from 
the second abdominal spiracle. Also, some are found around the 
trachee leading from the other abdominal spiracles. Around these 
other spiracles they occur as a rather thin coating of fat just be- 
neath the red cell clusters. Since the fat cells and the hemoglobin 
cells are in close proximity, it may be that there is a transitional 
stage between them like that found by Prenant in the case of Oas- 
trophilus equi. If such is true, it must occur in the early nymphal 
stages, for it has out been seen to happen in either the adults, the 
late instars, or in the developing embryo. 

In the article announcing the discovery of the hemoglobin cells 
it was stated that they “are found in the abdomen of the embryo not 
yet hatched.” These studies have not verified that statement con- 
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clusively. Because eggs and first- and second-instar nymphs could 
not be secured till too late for a full investigation of the fresh ma- 
terial, this part of the work has not been completed satisfactorily. 

Studies were made of the developing embryo within the egg. Eggs 
gathered May 14, and others laid in the laboratory May 15 and on 
the days succeeding this, were the ones most carefully studied. They 
were dissected from the plant by splitting the stem and pulling the 
halves away from the sides of the eggs. Then they were kept in 
small petrie dishes in pond water together with a little Ceratophyl- 
lum. This condition did not usually interfere with the develop- 
ment of the eggs if they were kept in water all the time and not 
subjected too long to heat and strong light. Eggs exposed to the 
strong light and heat of the binocular-stage light for more than two 
or three minutes never hatched. Embryos well developed within the 
egg chorion were observed when so placed to revolve round and round 
on their horizontal axis by movements with the tip of the abdomen. 
This must have been for the purpose of not leaving the one side ex- 
posed to the strong light and heat too long. They could not be seen 
to so revolve at other times. The studies were made with reflected 
and transmitted light under the binocular, and also under a Bausch- 
Lomb compound binocular microscope equipped with 16-mm. ob- 
jective No. 10 oculars, and Abbe condenser. With a pipette the eggs 
were placed for examination in a drop of water on a slide. 

For the first two days after the eggs were laid little differentiation 
could be seen from any position. Then certain of the large yolk 
bodies, scattered promiscuously about through the egg, became a 
light pink in color, and the germ band could be seen along the ven- 
tral side. The day following this, or the second day, the germ band 
was further developed and the appendages became very evident. The 
yolk bodies were of a slightly brighter red, and began to arrange 
themselves in rows dorso-ventrally along the sides of the egg. The 
development continued during the following days; but the red bodies, 
or yolk granules as they appeared to be, lost their coloring, except a 
few near the caudal end of the egg and a few near the center of the 
abdomen. The pink coloring matter became more and more diffused 
throughout the entire egg, except in those parts on the ventral side 
where the germ band and its appendages were most developed. Next 
the red coloring began to appear as two doreo-ventral red marks on 
the sides of the cephalic end of the egg. The red yolk .bodies entirely 
disappeared, and the diffused pinkish oolor throughout the egg 
gradually disappeared as the eyespots took on more and more color, 
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until about three days before hatching. At this stage no more pink- 
ish color remained diffused through the egg. The yolk bodies on 
the dorsal side of the abdomen were nearly all gone, and two black 
streaks along the venter, representing the hairs to cover the ventral 
air channel, had developed. The eyes were bright red and well de- 
veloped. But no indication of haemoglobin cells could be seen in the 
abdomen. From this time until hatching little change was seen, ex- 
cept the disappearance of the yolk bodies in the abdomen. Most 
of the eggs hatched May 24 to 26. 

In the first instar nymphs no indication of the haemoglobin cells 
was seen. Many of them had a greenish tint in the fore part of the 
abdomen, but not the slightest trace of any red cells. The eyes 
were rather bright red when the nymph first hatched, but turned to 
darker shades of red as the nymph grew older. In the older nymphs 
and adults the eyes are brownish or black. 

Egg fixed in Perenyi’s fluid, chromonitric acid, and preserved in 
85 per cent alcohol during the various stages of development, often 
show the eyespots and other red markings within the chorion still 
in their natural or nearly natural color. The color varies from a 
bright to a rather dark red. 

Nymphal instars and adults, fixed in any of the various fixatives 
and preserved in 85 per cent alcohol, show the haemoglobin cells to 
have turned from the bright-red color of the living material to a 
dark brown or black. Sinc'e the red coloring matter in the eggs does 
not change color when fixed and preserved, it must be an entirely 
different substance from that in the haemoglobin cells. It seems very 
probable then, that the “red cells . . . found in the abdomen of 

the embryo not yet hatched,” were not haemoglobin cells, but the 
yolk or similar bodies containing the coloring substance which later 
accumulated in the eyes of the developing embryo. The study is 
being continued, and further observations may cause different con- 
clusions. 

Little more can be said at this stage of the investigation concern- 
ing the development of the haemoglobin cells, except that preserved, 
sectioned, and living materials have shown them to be well developed 
in the third instar and those following. 

Physiological Function. Examination of the literature con- 
cerning the haemoglobin or tracheal cells of Gastrophilus equi has re- 
vealed very little about their physiological function. Doctor Hun- 
gerford wrote concerning those of Buenoa: “These large clumps of 
red cells are most intimately connected with the respiratory system, 
an&might well serve to fix and store the oxygen as a reserve supply.” 
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The fact that h®moglobm is found present in the cells may seem 
prima fade evidence that their function is for the purpose given in 
the above quotation. To the writer’s knowledge haemoglobin serves 
no other purpose than to loosely unite with oxygen when brought 
in contact with it, and then release it again when surrounding con- 
ditions demand such. In the vertebrates it unites with oxygen in the 
lungs, is carried to other parts of the body, and there, as the con- 
ditions demand, is released. This cannot be true in Buenoa, for the 
haemoglobin is confined to certain attached cells which do not circu- 
late in a medium like the blood of the vertebrates. 

There may be two or three possible ways in which the haemoglobin 
of the cells in Buenoa function for the insect’s body. In each case 
most of the oxygen must get to the haemoglobin from the air through 
the tracheae and their extensions which lead to and penetrate the 
cells. If this is not true, then it is a question why there should be 
such an elaborate system leading into them. Some oxygen may 
penetrate through the tissues, for it has been shown that gases, in- 
cluding oxygen, penetrate directly through chitin and other tissues. 
(Moore, 1916.) Some small insects have little or no tracheal sys- 
tem, although they are enveloped in a chitinous covering. At least 
we know there is a direct connection between the outside air and the 
interior of the hsemoglobm cells. 

The first of the possible ways for the hemoglobin in the cells to 
function is that the oxygen may reach them through the trache® and 
'the tracheoles, be fixed there temporarily, and then be distributed 
to the tissues by the blood which bathes the hemoglobin cells in- 
side the membrane which surrounds them. It was indicated on page 
306, in the discussion of the arrangement of the hemoglobin cells, 
that the blood might so bathe them, but was not conclusively 
shown. 

The second way may be similar to the first, except that the oxygen 
is diffused through the surrounding membrane to the blood and then 
distributed to the tissues. Since the membrane is very tbfri, the 
oxygen would very likely penetrate it more easily than it has been 
shown to do to chitin. 

The first or second possible processes may be used wholly or in 
part. Muttkowski (53), 1921, by a series of experiments, demon- 
strated a respiratory protein in a great number of insects, but did 1 not 
use Buenoa. He did use Notonecta, a related genus. The respira- 

30-3341 
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tory protein he called hemocyanin, and its nucleus he found to be 
copper. All the insects he used showed the presence of hemocyanin. 
It is probably also present in Buenoa. So a respiratory function for 
the blood of Buenoa must be included as being quite probable. 

The third possible way is the same as the first and second, except 
that the oxygen may be released back to the air from which it first 
came, and from that through the trachea to the tissues. This is con- 
sidered much more likely, but the first or second possible ways may 
be used slightly in coordination with it. This third way is supported 
by observations on the habits of the insect. 

Muttkowski (52) , 1920, points out that the air in the trachea of 
Odonata naiads is the same as in the water, approximately 65 parts 
nitrogen to 35 parts oxygen, as compared to 80 parts nitrogen and 
20 parts oxygen in the atmosphere. When Buenoa has been beneath 
the surface of the water for some time the proportions of nitrogen 
and oxygen may be nearly the same as in the Odonata or other in- 
sects with a closed tracheal system. Now it will be recalled that in 
the discussion of the swimming habits of Buenoa, given on page 277 
of this paper, that the insect uses, effort at first after coming to the 
surface in order to keep itself below, and then later has to use effort 
to keep from sinking. The likely reason for this is that the oxygen 
of the fresh air secured at the surface unites with the haemoglobin 
in the red cells and reduces the volume of the air buoying up the 
insect, so that it is soon well poised in the water. Then as the oxygen 
of the air in the tracheae and ventral air chamber is used by the 
tissues, some of the oxygen from the haemoglobin cells may be re- 
leased back to the air in the ventral air chamber sufficient, perhaps, 
to keep the proportions of near 65 parts nitrogen and 35 parts oxygen 
as found in the surrounding water. Some of it may pass also to the 
respiratory protein of the blood, as was indicated by Muttkowski. 
After the oxygen supply has become depleted then the insect must 
return to the surface. The great length of time which the insect 
swims in almost perfect poise, compared to the lengths of time in 
which it is using effort either to get below the surface or to keep from 
sinking to the bottom, indicates very much that the above-described 
process is what occurs. 

Krogh has devisad an apparatus by which he was able to measure 
extremely minute quantities of gases. Tests can probably be made 
to give further evidence with respect to the air at different times in 
the ventral air chamber of Buenoa. 
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EXPERIMENTS. 

A great number of observations were made and several experi- 
ments regarding the respiratory function of Buenoa. The following 
are typical of the swimming habits: 

Experiment No. 1. 

After a cool night, May 14, 1924, with the temperature in the laboratory at 
the time of the observations around 58 degrees Fahrenheit, notes were made on 
three adults of the species B. margaritacea. Each was in a separate jar of water 
sitting on a well-lighted window sill. The observations started at 9:30 a. m. 
Bug No. 1 : 

At 9:35 a. m. it came with effort to the surface for air. Before obtaining 
the air it was heavier than the water, for it sank when it ceased momen- 
tarily to swim. After it obtained air at the surface it had to use consider- 
able effort for nearly two minutes in order to regain its customary poise 
in the water. It maintained its poise with little effort until about 9:52, 
and then began to use more and more effort to keep from sinking to the 
bottom. 

At 9:54:10 a. m. it touched the surface for renewed air supply, and then 
repeated the behavior as before. 

Bug No. 2: 

At 9:38:05 a. m. it touched the surface for air and then acted as did bug 
No. 1. 

At 9:57 a. m. it again touched surface for air. 

Bug No. 8: 

At 9:44:35 a. m. it touched surface for air and repeated behavior of bugs 
Nos. 1 and 2. 

At 10:04:45 a. m. it touched surface for air again, etc. 

At 10:12 a. m. the observations ceased. None of the bugs remained at the 
surface for air more than four seconds. The periods between the times when 
they touched the surface film for air were as follows: Bug No. 1, 19 minutes 
10 seconds; bug No. 2, 18 minutes 55 seconds; bug No. 3, 20 minutes 10 
seconds. 

The periods during which they were striving to keep below the surface after 
taking air could not be measured exactly, but were about 3 minutes for each 
bug. 

The periods during which they were noticeably striving to keep from sinking 
to the bottom were about 1 minute each. 

The periods during which they were swimming well poised in the water, 
due to the functioning of the hemoglobin cells, were approximately as follows: 
Bug No. 1, 15 minutes; bug No. 2, 13 minutes; bug No. 3, 15 minutes. 

No other creature in the insect world, so far as is known, can swim so 
nicely poised for anything like such a length of time. Sprely this ability of 
B. margaritacea fend the other Buenoa has a meaning all its own. The periods 
of time as given in the preceding experiment vary somewhat with temperature 
and other conditions. The shortest time observed for Buenoa to remain below 
without coming to the surface for air was 1 minute 10 seconds; and the longest 
time was 31 minutes 43 seconds with bugs collected from under ice and brought 
to the laboratory* 
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Expsrimbnt No. 2. 

StTBjacr: Buenoa margaritacea Bueno* 

Opjbct: Behavior when kept from the surface air. 

Phocbss: Bugs were collected and put in aquarium jars at ordinary room 
temperatures. A wire screen made to fit dlosely to the bottom of the aquarium 
jar was dropped over the bug in the jar with as little disturbance to the bug 
as possible. The bug could not then return to the surface for air. The bugs 
were kept in laboratory two weeks or more previous to the experiment. Tap 
water was used and the bugs placed in the experimental jar at 7:30 of the 
preceding evening. The experiment began at 8:17 a. m., November 20, 1023. 
Different bugs were used for each trial. 

Results: In the first trial it was found that the period of time, beginning 
when the bug last obtained air at the surface until it ceased activity, was 4 


minutes and 10 seconds. Data given as follows : 

Time. Intervals and notes. 

8:17:10 p. m.. Left surface film was covered with wire screen immediately. 

Interval: 50 seconds. 

8 :18 p. m Tned frantically to get to air. 

Interval : 8 minutes 20 seconds. f 

8 :21 :20 p. m No further activity except a faint kick now and then. 

Interval 40 seconds. 

8 :22 p. m Screen lifted and insect brought to surface and left floating 

Interval * 8 minutes. 

8 :25 p. m Recovered activity again. 

Results : In the second trial, time till activity ceased was 8 minutes 45 
seconds. 

Time. Intervals and notes. 

8 :42 p. m Bug at surface film, went below, covered. 

Interval; 2 minutes 10 seconds. 

8 .44 :10 p. m Tried for air. 

Interval 8 minutes 80 seconds. 

8 *,46 :80 p. m, . . Frantic 

Interval * 8 minutes 80 seconds 

8 :48 p. m Less active. 

Interval 2 minutes 45 seconds. 

8 .60 :45 p. m All activity ceased 

Interval 1 minute 45 seconds. 

8:52:80p. nk Screen removed, bug floated to surface on its side. 

Interval. 45 seconds. 

8.58 .15 p. m Spasms 

Interval. 1 minute 46 seconds. 

8 :55 p. m Active again. 

Results: In the third trial, November 21, 1923, bugs kept in trial jar over- 
night, undisturbed. Time till activity ceased was 16 minutes 10 seconds. 

Time. Intervals and notes. 

9 :27 ;85 a. m At the surface for air. 

Interval: 9 minutes 10 seconds. 

9 .80 45 a. m. Uneasy. 

interval : 7 minutes. 

9:48 :46 a. m Sank to bottom and became quiescent: kicked some. 

Interval: 10 minutes 45 seconds. 

9:64:80 a. m Brought to surface. 

Interval: 3 minutes 45 seconds. 

9:67 :15 a, m Active again. 
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RetuU*: In the fourth trial, time till activity ceased was eighteen minutes, 


20 seconds. 

Time. Interval* end no*e#* s 

10.44:10 a. m ........ At surface ; put screen over it. 

Interval: 5 minutes 20 seconds. 

10 :09 :S0 a. m Uneasy. 

Interval: 18 minutes. 

10 .22 *80 a. m Sank, and time was not free to finish this tnal. 


It will be seen that the average interval until activity ceased was 12 minutes 
16% seconds. The longest interval until activity ceased was eighteen minutes 
and twenty seconds; and the shortest was 4 minutes 10 seconds. The above 
experiment may be of some value or significance. 

November 11, 1023, a large corixid, Arctocorixa , species unknown, was 
treated in the same manner as the above Buenoa were handled. The results 
are given below and are interesting for comparison : Time till activity ceased 
38 minutes 10 seconds. 


Time. Interval « and note t. 

9.88.45a. m At surfaoe for air; submerged; screen lowered over it without 

disturbance. 

9:87:40 a. m Fastened to screen and quiet; wiped wings. 

9 .48 a m Tried to come up ; went down and kept quiet. 

9:49 a. m Came to top of screen, and attached to a rook. 

10 01 66 a. m Floated to top and all activity ceased. 

10 06 10 a m Brought to surface, where it floated. 

10 :05 80 a m Revived and began to swim about. 


It will be seen that the time until activities ceased with the corixid given 
above was much longer than with the Buenoa. This fact seems to be in ac- 
cordance with the observations of others on corixids and notonectids. 

Experiment No. 3. 

A number of observations were made to determine the comparison of the 
intervals at which various insects of the water come to the surface for air 
normally. In these experiments the insects were disturbed as little as possible. 
The first of these was B. margantacea Bueno. 

B. margantacea Bueno: On November 21, 1923, out of 28 observations it 
was found that the insect came to the surface for air an average of once in 2 
minutes 51% seconds. The shortest interval was 50 seconds, and the longest 
interval was 4 minutes 35 seconds. All the observations in this case were made 
with the same bug as it swam in an aquarium jar at ordinary room temperature. 

On November 22, 1923, the same observations were made with another bug. 
Out of five observations it was found that the average interval was l minute 
54 seconds. The shortest was 1 minute 40 seconds, and the longest 2 minutes 
40 seconds. 

On November 27, 1923, the experiment was again repeated with another 
bug which had been in the aquarium jar for several days. Out of eleven inter- 
vals observed, the average was found to be 6 minutes 28 seconds. The shortest 
was 3 minutes 40 seconds, and the longest 8 minutes 57 seconds. 

Of all the observations on B. margantacea IJueno, some 44 altogether, the 
average was three minutes 48 seconds. The shortest interval was 2 minutes 
17 seconds, and the longest was 5 minutes 11 seconds. These results are about 
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what may be expected on the average in the laboratory. Conditions being 
different in the ponds, variations would occur there. 

* Notonecta undulata : The average interval during which this insect stayed 
under water in the laboratory as observed was 7 minutes 26 seconds. The 
shortest was 5 minutes 45 seconds, and the longest was 10 minutes 5 seconds. 

Arctocorixa sp.: In a few short observations it was found the average 
interval of immersion without coming to the surface for air was 40 seconds; 
the longest 49 seconds, and the shortest 8 seconds. 

Small dytiscid, species unknown: A few observations were made with 
this insect as with the preceding, and it was found the average was 3 minutes 
56 seconds; the shortest 50 seconds, and the longest 5 minutes 5 seconds. 

Cybister fimbriolatus Say: Average 6 minutes 35 seconds; shortest 20 sec- 
onds, and longest 11 minutes. 

An average table of the intervals at which the preceding insects came to the 
surface for air may be of interest, and is given here: 


Species. 

A verage 
interval: 

Shortest : 

Longest : 

mtn sec. 

mtn. sec. 

mm. sec. 

B. margarttacea Bueno 

3 :48f 

2 ;17 

5:11 

Notonecta t mdulata Say 

7-23 

5.45 

10: 5 

Arctocorixa sp 

0:40 

0: 8 

0:49 

Unknown dytiscid, small species 

8 :66 

0 50 

6: 5 

Cybister fimbriolatus Say 


0-20 

11: 0 


Ranatra fusca was kept in the laboratory during an entire winter, and fre- 
quently observed as to the frequency with which it came to the surface for air, 
but its habits are unusual in this respect. It hangs for hours sometimes at 
the surface and at other times lies motionless for just as long at the bottom. 
No exact time records were made of it. 

The above experiments were repeated on a small scale with 
Buenoa margaritacea , a small Corixa species, Arctocorixa species, 
Cybister fimbriolatus , and a small unknown species of hydrophilid. 
All were observed under identical conditions of water, temperature, 
light, oxygen content, and surrounding conditions. The results were 
practically the same as in the experiments given on the preceding 
pages. 

It will be seen that the above experiments have amounted to very 
little so far as proving anything about the haemoglobin cells of 
Buenoa is concerned. It was thought at first there might be a com- 
parison that would be much in favor of Buenoa being able to stay 
beneath the surface of the water for longer periods of time because 
of the haemoglobin cells which it possesses. The table above shows 
that several other insects average longer periods beneath the surface 
than does Buenoa . There is this fact to be taken into consideration, 
however. Buenoa is in somewhat constant motion at all times. 
Seldom is it seen at rest on the bottom or elsewhere. All the other 
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water insects, while not hanging at the surface film or objects be- 
neath the surface, are engaged in considerable activity, thus using 
their oxygen supply quickly, When jjot active they may cling to 
objects below the surface and remain there for hours, or periods of 
time often longer than is the case with Buenoa. It is felt, therefore, 
that a comparison of the intervals of time spent beneath the surface 
of the water by various insects is of no value so far as proving any- 
thing definite about the function of the haemoglobin cells. 

GENERAL SUMMARY. 

The results of these studies may be summarized as follows: 

1. Some additional life history and biological notes have been 
added. 

2. The external morphology of Buenoa has been more fully in- 
vestigated. 

3. Specific characters have been more closely examined and have 
shown the possibilities of certain heretofore undiscovered structures 
for specific determinations. 

4. The internal morphology has been worked out in a general way. 

5. The haemoglobin cells in Buenoa have been further investi- 
gated as to structure, development, and function. 

6. Certain details of technique in handling such a problem have 
been further developed. 
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PLATE XLIV. 

Female. Sinistral view, body section. 

External: A, antenna. C, coxa. E, eye. F, femur. I-XI, abdominal seg- 
ments. 1 - 9 , stemites. Lr, labrum. md, mandibles. Mst, mesothorax. Mt, 
metathorax. Ovip, ovipositor. Pt, f>ro thorax. 81-7, abdominal spiracles. 
8ms, 'mesothoraeic spiracle. Smt, metathoracic spiracle, St, sternal gona- 
pophyses. Sty, styli. tc, tarsal claws. Ti, tibia. Tr, trochanter, tr, tareal 
segments. 

Internal : Ao, aorta. Dv, dorsal vessel or heart. H, haemoglobin cell groups. 
IC, internal apodeme, anterior margin of metathorax. Ic, internal apodeme, 
posterior margin of metathorax. 1 , longitudinal trachea. M, muscles. Mp, 
Malpighian tubules. N, ventral nerve cords. Oe, oesophagus. Ovd, oviduct. 
Ov, ovaries. Pv, proventriculus. Rc, rectal c®cum. Sp, spermatheca. TP, 
tracheoparenchemateux. tv, transverse trachea. 
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PLATE XLV. 

Male and female. Body sections. 

Fia. 1. Head and foreleg of male : A, antenna. Lr, labrum. Sd, sound de- 
vices on beak, femur and tibia. Ti, tibia. Tr, trochanter, Tc, tarsal claws. 

Fig. 2. Male: Ts, testis. S, spiracle. H, hemoglobin cell groups. 

Fig. 3. Female: H, haemoglobin cell groups. 1-7, 8, 9, stemites. M, 
muscles, tv, transverse trachea. Lt, longitudinal trachea. I-XI, abdominal 
segments. Epi, epimeron. Eps, episternum, Sa-So, abdominal spiracles. T, 
tergurn. St, sternal gonapophyses. Ovip, ovipositor. Sty, styli. Ic, in- 
ternal chitmous process or apodeme, posterior margin of me ta thorax. 

Fig. 4. Metathoracic leg: Tr, trochanter. Tc, tarsal claws. 

Fig. 5. Male: Rc, rectal caecum. Oed, osdagus. Gc, genital claspers. Vd, 
vas deferens. Ag, accessory glands (?). VIII-XI, abdominal tergites. 
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PLATE XL VI. , 

Fig. 1 Dorsal view of body section, showing arrangement and location of 
haemoglobin cell groups m abdomen D, tracheal branches leading to alimen- 
tary tract L, longitudinal tracheae N, ventral nerve system 3-9, abdominal 
segments 

Fig 2 Dorsal view body section, shdwing ventral sclentes and spiracles 
from which anse the tracheae and haemoglobin cell clusters m the abdomen 
Epi, pleunte next tergum Eps, pleunte next sternum Ovip, ovipositor S, 
spiracles T, tergum III- VII, abdominal stemites 8, 9, terga of seventh and 
eighth abdominal segments 
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PLATE XLVII. 

Fig. 1. (Oil immersion; in salt solution.) Piece of trachea showing haemo- 
globin cell attached: n, nucleus, tr, trachea, with characteristics tenidia, tr, 
tracheoles. trl' tracheoles, or small tracheae with no tenidia. 

Fig. 2. (Low power; m salt solution.) Tracheae from fourth abdominal 
spiracle, caudal view, sinistra! side of body • b, base/ of tracheae opening over 
spiracle below, d, branch leading to digestive tract. Ex, direction of exterior 
of body. In, direction of interior of body, mt, main trunk of trache®, lead- 
ing to longitudinal tracheae above, s, stubs of tracheal branches leading into 
haemoglobin cell clusters, tv, transverse trachea. 

Fig. 3. (Low power; salt solution.) Two clusters of hemoglobin cells 
shaved off sharply next the spiracle, showing how clusters are held together 
by a delicate membrane, as at a and b: a, membrane inclosing large cell 
cluster, b, membrane inclosing small cell cluster, s, opening of trache® to 
spiracle, tr, trache®. 

Fig. 4. (Oil immersion; salt solution.) Base of trache® about spiracle. 
Spiracle with peritremes represented by dotted lines. 

Fig. 5. (Low power; salt solution projection.) Hemoglobin cell clusters 
to show trache® and manner of hemolysmg: a, oillike red globular drops as 
hemolyied from cell cluster. Tr, trache®. 
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PLATE XLVIII. , 

Fig. 1 . Digestive tract : Mi, mid intestine. Mp, Malphighian tubules. Oe, 
oesophagus. Pv, proventriculus. R, rectum. Rc, rectal caecum. Sal, salivary 
glands, tr, tracheae. 

Fig. 2. Female genital organs: Bs, bursa copulatrix. Ov, ovaries. Ovid, 
oviducts. Sp, spermatheca. tr, tracheae.* 

Fig. 3 . Male genital organs: Ag, accessory glands (?). Ej, ejaculatory duct. 
Ts, testes. Vd, vas deferens. 
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PLATE XLIX. 

External anatomy. 

Fig. 1 . Ventral view female B margaritacea : A, antenna. E, eye. I- VIII, 
abdominal tergites. 1-7, abdominal stemites. MSC, extension of meso- 
thoracio tergum (Rich). Msl, mesothoracic leg, foramen. Mt, metathorax. 
Mtl, metathoracic leg, coxa. PI, prothoracic leg, foramen. 

Fig. 2. Dorsal view female B. margaritacea : Ao, thinly chitinous area dor- 
sad of dorsal vessel, or heart. 1-X, abdominal tergites. Mst, mesothorax. Mt, 
metathorax. Pt, prothorax. Syn, synthlipsis. 
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PLATE L. 

External morphology. 

Fia. 1. Front wing: B, fastening or hook which hooks into groove on dor- 
sal line at cephalic end of metathorax. L, fastening or hooklike device hook- 
ing into similar device at L in Fig. 3. Venation: Costa and subcosta of 
Comstock-Needham system probably fused along front wing margin. Media 
and radius fused and extending together into the corium. Cubitus forming 
back margin of corium. 1st A, 2d A and 3d A combined, found in clavus. 

Fig. 2. Hind wing: C, costa. (Comstock-Needham system.) e, probably 
a remnant of subcosta. F, Subcosta two and radius one. R, Radial sector. 
M, Media and radius. D, Media and radial sector. 

Fig. 3. Side view thorax of male : A, attachment pf front wing. A , attach- 
ment of hind wing. Ac, antecoxal piece (?). C, coxae. F, femur. G, glandu- 
lar opening of the male. L, wing button. MSC, extension of mesothoracic 
scutellum (Rich). Mst, mesothorax. mst, mesothoracic scutellum. Mt, meta- 
thorax. mt, metanotum. Pt, prothorax, pt, pronotum. S, mesothoracic spir- 
acle, beneath. S, first abdominal spiracle, smt, metathoracic spiracle, w, 
groove into whioh front wing fits. 1 and 5, mesothoracic pleurites. 2 and 3, 
metathoracic pleurites. 4, antecoxal piece. 6, mesothoracic sternum. 

Fig. 4. Sideview thorax and abdomen: A', attachment of metathoracic 
wing. B, hook for fastening mesothoracic wmg. C, coxa?. Epi and Eps, pleu- 
rites of abdominal segments. F, femur. I-XI, abdominal segments or tergites. 
MSC, extension of mesothoracic scutellum (Rich). Mst, mesothorax. mst, 
mesothoracic scutellum. Mt, metathorax, mt, metathoracic tergum. Ovip. 
ovipositor. S, spiracles. St, gonapophyses. Sty, styii or gonapophyses. Tr, 
trochanter. 1-7 of abdomen, sternites. Of thorax : 1 and 2, pleurites of meta- 
thorax. 3 and 4, pleurites of mesothorax. 5, mesothoracic sternum. 6, ante- 
coxal piece of metathorax, w, groove into which margin of front wing fits. 

Fig. 5. Caudal view of metathorax: A, apodeme. B, lateral margin of 
metanotum. D, median dorsal line of metanotum. 

Fig. 6. Cephalic end of mesothorax, cephalic view : A, lumen of the meso- 
thorax. B, prescutum. C, scutum. D, scutellum. E, pleurites. L, leg. S, 
sternum. 

Fig. 7. Caudal view of prothorax: D, pronotum. F, fringe of setaceous 
hairs just caudad of mesothoracic spiracle. S, prothoracic sternum. 
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PLATE LI. 

Fig. 1 . B, Margantacea (oil immersion). Glandularlike apparatus as pulled 
out from male showing internal mass of tissues which cling to it: A, mass of 
tissue mentioned above. B, cells at external opening very darkly chitinised 
or pigmented. C, opening. L, lines in chitin about opening, apparently su- 
tures. 

Fig. 2. B . margantacea (oil immersion). Glandularlike apparatus of male, 
vertical view from exterior of body. 

Fig. 3. (Low power.) Antenna of B. margantacea: A, proximal segment, 
b, called penultimate segment in literature, c, may represent third segment, 
d, distal or ultimate segment, e, spatulate, setaceous hairs. 

Fig. 4. (8 ocular, 32 objective, Spencer.) Somewhat diagrammatical ar- 

rangement of sound apparati of male B. margantacea : A, antenna. C, coxa. 
Cl, clypeus. E, eye. Ep, epicranium or frons. F, femur, lb, labium. Ir, 
labrum. mx, mandibles and maxillae. Ti, tibia. Tr, trochanter. Ts, tarsus. 
Tsc, tarsal claws. 1, thickened angular comer, sides of face. 1', corresponding 
setaceous spines and thickened comer of femur. 2, areas on beak prongs. 2 \ 
area on tibia, 3, spur on coxa. 3', area on femur. 

Fig. 5. (Oil immersion, balsam.) Apparatus on front tibia of B. marga - 
ritacea: A, cephalic end of area. A', caudal end of area. B, point at which the 
apparatus is bent m mounting. AA', whole stridular area. S, row of setace- 
ous spines in view ventrally. 

Fig. 6. (Oil immersion, balsam.) Apparatus on mesal face of front femur 
of male B. margantacea: A — A’, stridular area, consisting of transverse thick- 
enings of the chitin. H, strong setaceous spines which aid in forming crib of 
the front legs for retaining prey. G, glandular-appearing areas in the chitin or 
just below. 

Fig. 7. (Oil immersion, balsam.) Apparatus on prong of beak of B> mar- 
gantacea: A— A*, sound producing area with row of spines or setaceous teeth 
down the middle of the area. 

Fig. 8. (Oil immersion, balsam.) Large setaceous spine on outer face of 
the front coxa in B. margantacea , for sound production, no doubt: M, prox- 
imal margin of coxa next the sternum. S, sound producing spine or spur, s, 
ordinary setae on the surface of the coxa around, the larger oxie. 
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PLATE LII. 

Adult male genitalia and abdominal sclerites. 

Fig. 1. Left clasper, sinistral view. 

Fig. 2. Dorsal view of claspers and connective. 

Fig. 3. Right clasper, dextral view. 

Fig. 4. Genital bulb, dextral view, claspers extended. 

Fig. 5. Genital bulb, dorsal view, ninth abdominal stemite, etc. 

Fig. 6. Genital bulb, ventral view, ninth abdominal sternite. 

Fig. 7. Genital bulb, sinistral view, claspers retracted. 

Fig. 8. Dextro-lateral view, tip of abdomen. 

Fig. 9. Caudal view, tip of abdomen. 

Fig. 10. Sinistro-lateral view, tip of abdomen. 

Fig. 11. Dorsal view, tip of abdomen. 

Fig. 12. Ventral view, tip of abdomen. 

Lettering: C, clasper, or claspers. Con, connective. Ed, cedagus. Epi, 
pleurite next tergum. Eps, pleurite next sternum. Gb, genital bulb, ninth ab- 
dominal stemite, h>pandnum. Lc, left clasper. Rc, right clasper. 8, spiracle, 
Sp, spine on or near caudo-sinistral margin of seventh tergite, of abdomen. VI- 
XI, abdominal segments, or tergites. 8, eighth abdominal sternite. 
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PLATE LHI. 

t 

Genital claspers and spines, male. 

Left clasper at left of plate, spine of sinistro-caudal margin of seventh ter- 
gite at center, and right clasper at right of the plate. 

Fig. 1 . Buenoa elegans Fieb. 

Fig. 2. Buenoa margaritacea Bueno. * Collected at “Union Pacific bridge 
pond” Douglas county, Kansas, May 15, 1924. Clarence O. Bare. 

Fig. 3. Buenoa macrotibialis Hungerford. From a paratype specimen 
loaned by Dr. H. B. Hungerford; collected in Bryant’s bog, Douglas lake, 
Michigan, August 3, 1923. 
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PLATE LIV. 

Buenoa males, claspers and spines. 

Explanation: Left clasper on left side of plate. Spine from caudo-sinistral 
margin of seventh abdominal tergite, in middle of the plate. Right clasper on 
right side of plate, sinistral view. Parts from each individual specimen ar- 
ranged horizontally across the plate. 

Labels borne by the specimens as follows: 

No. 1: H. B. Hungerford, Stubb’s pond, Douglas county, Kansas, Novem- 
ber 27, 1922. Buenoa scimitra Bare. 

No. 2: H. B. Hungerford, Bryant’s bog, Douglas lake, Michigan, July 29, 
1923. Buenoa elegam Fieb. (?). 

No. 3: H. B. Hungerford, Sedge Point pool, Douglas lake, Michigan, July 
13, 1923. Buenoa elegans Fieb. (?). 

No. 4: H. B. Hungerford, Benson, Minn., August 23, 1922. Buenoa elegans 
Fieb. (?). 

No. 5: P. A. Glick, Superstition mountains, Arizona, November 7, 1922. 
Buenoa arizonts n. sp. (A full description of this will follow.) 

No. 6: Alfredo Faz, Termas Cauquenes, Chile, South America, December 
15, 1922. Buenoa naias Kirk. 
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PLATE LV. 

Adult female genitalia and abdominal sclerites. 

Fig 1 . Smistral view of genitalia. f 

Fig. 2 Ventral view of genitalia as shown in Fig. 1 
Fig. 3. Mesal view of ovipositor and adjacent parts. 

Fig. 4. Dextral view of tip ot abdomen. 

Fig. 5. Caudal view of tip of abdomen. 

Fig. 6. Smistral view of tip showing genital parts. 

Fig. 7. Caudal view of tip of abdomen 
Fig 8. Ventral view of tip of abdomen. 

Lettering: Epi, pleunte next tergite. Eps, pleunte next stemite. Ovip, 
ovipositor. S, spiracle. St, gonapophyses (?). Sty, stylets. V-XI, abdominal 
segments, or tergites 6-9, abdominal segments, or sternites. 
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PLATE LVI , 

(Oil immersion, balsam ) 

Ovipositor of female B margantncca, outer lateral view A, teeth on mnei 
mesal surface B, setaceous hairs of outer lateral surface C, toothlike Bpmes, 
outer lateral surface D, toothlike spines inner mesal surface I-I', long outer 
row of setaceous teeth represented bv dashes where seen thiough other chitin 
H-ir, shorter inner row of setaceous teeth represented by lighter thinner lmes 
where seen m section through other chitm R, row of chitm, may represent 
ninth abdominal stemite 
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PLATE LV1I. 

Male and female fifth-instar nymphs, showing genital development. 

Fig. 1 . Ventral view of male, legs snipped off to allow view of other parts: 
F, tuft of setaceous hairs, not present m adult. 2, second abdominal spiracle. 
7, seventh abdominal sternite. 8, eighth abdominal spiracle, probably nonfunc- 
tional. t 

Fig. 2. Ventral view of female, legs clipped to allow view of other parts: 
Msc, extension of mesothoracic scutellum (Rich). 7, seventh abdominal 
sternite. 

Fig. 3. Ventral view of male tip of abdomen: A, analkonus (Hoppe). 7, 
seventh sternite. 8, eighth abdominal spiracle. 9, ninth sternite. 10, tenth 
sternite. 

Fig. 4. Ventral view of female tip of abdomen: A, analkonus (Hoppe), a, 
eighth sternite. b, pleurite. c, ninth ovipositor, d, ovipositor, e, gona- 
pophyses (?). Sty, styli. 7, seventh sternite. 8', eighth abdominal spiracle. 
8t, eighth abdominal tergite. 

Fig. 5. Internal development of male genitalia: Lateral view: Ed, cedagus. 
C, clasper. 8 and 9, sternites. Dorsal view: C, claspers, Ed, cedagus. 9, ninth 
sternite. Tergites — dorsal view, spread out: 7, 8, 9, tergites of corresponding 
segments. 

Fig. 6. Internal development of female genitalia: Sty, styli. St, gona- 
pophysefc (?). Ovip, ovipositors. 8, eighth sternite. D£-XI, tergites. 
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An Exploratory Survey of Characters of Specific Value 
in the Genus Gelastocoris Kirkaldy, and 
Some New Species. 

CHAS. H. MARTIN, Department of Entomology 

T HE Gelastocoridse or Nerthridae is a family of squat, toad- 
shaped bugs that are found frequenting the margins of streams 
and pools, their color patterns blending with their surroundings so 
completely that the casual observer rarely ever sees them in their 
native habitat. 

The first species of this family, G. oculatus, was described by 
Fabricius 1 under the family Naucoridsp. Later authors have de- 
scribed species under the names Galgulidse, Mononychidse and Ge- 
lastocoridse. Galgulidse and Gelastocoridse are the better-known 
names. This family may be distinguished from the two related 
families, Ochterida? and Saldidse, by the antennse; the antennse of 
Gelastocoridse being hidden, while those of Ochteridse and Saldidse 
are exposed. 

The family contains four genera, all of which, as known at present, 
are found only in the Western Hemisphere. The genus Gelastocoris 
is represented by the largest number of species, the genus Mononyx 
is represented by several species, while the genera Nerthra and Glos- 
soaspis each are represented by single species. The following key 
to the genera has been prepared from literature at hand: 

KEY TO GENERA. 

A. Fore tarsus with two claws Gelastocoris. 

AA. Fore tarsus with one claw. 

B. Wings not fused along median line. 

C. Elytra wholly coriaceous, without clavus oi membrane, meeting in a 

straight sutural line Glossoaspis 

CC. Elytra not wholly coriaceous, overlapping Morumyr, 

BB. Wings fused along median line Nerthra* 

1, Supplementuxn Entomologies Systematic©, 1708, p. 625. , 
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The Genus Oelastocoris Kirkaldy, 1897. 

According to a catalogue published by Kirkaldy and Bueno 2 in 
1908, this genus embraces ten species. In this catalogue the authors 
raised all subspecies and submerged species to the rank of species, as 
the status of some species is somewhat doubtful. In this way all 
the species are kept before the attention of the worker until the 
identity of each has been established by the examination of types, or 
abundant material from type localities. Since this list was published 
two new species have been described, raising the number to twelve. 

Inadequate descriptions accompanying named species, and the baf- 
flingly subtle and elusive characters of the bugs of this genus, have 
brought about the well-nigh hopeless condition of this group. Mr. 
J. R. de la Torre Bueno 8 , who has been a student of aquatic Hemip- 
tera for many years, has written that “the genus is represented by 
an uncertain number of undescribed species.” 

Under the direction of Dr. H. B. Hungerford, who has assembled 
what is probably the largest collection of Gela$tocoris known, the 
author has been able to make a study of considerable material, and 
from these studies has gained a clear species concept of this difficult 
genus. It has been possible to find some characters* that will aid in 
more accurately determining a species than has been possible in the 
past. With this information it is felt that now when a study is made 
of the old types it will be of more value than it would have been 
under the present conditions of the taxonomy of Gelastocoris. 

The author wishes to take the opportunity here to express his most 
sincere appreciacion and thanks to Dr. H. B. Hungerford for his 
most helpful suggestions and kindly interest in the problem. Thanks 
are due, also, to Mr. W. S. Blatchley, who has been so kind as to 
loan paratype specimens of his species, G. subsimilis; and to Dr. W. 
E. Britton for the loan of G. barberi Bueno. 

The characters that have received special attention in these 
studies are: The front, the antennae, the eyes, the metaxyphus, pro-, 
meso- and metasternum, metastemal orifice, the ovipositors of the 
females, the granulations on the body surface, the ventral abdominal 
segments of the males, the thoracic margins, the shape and size of 
the body, color, and the male genital capsules. These characters fall 
into three groups: characters of no value, characters of value but 
difficult to use, and characters of value. 

2. Kirkaldy, O W., and Bueno, J. R. de la Torre. A catalogue of Ameucan Aquatic 
and Semiaquatic Hemiptera : Proc. Ent. Soc. Wash., Vol. X, Nos. 8, 4, Sept. -Dec., 1008. 

8. Connecticut Geological and Natural History Survey, Bull. &4, 1928, Hemiptera of 
Connecticut; Family Uerthridft, pp. 892-896. 
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CHABACTEBS OF NO VALUE. 

The shape and slope of the front varies in specimens of the same 
species. The ridges of the front differ to a certain extent for some 
species, while for others there seems to be no variation. It has been 
possible to separate two species from Ecuador by this character; the 
one species has a transverse ridge across the base of the front, while 
specimens of the other species are marked by a conelike protuber- 
ance. As the genus is so plastic, a long series would probably dis- 
prove this character. Such distinct differences do not hold for other 
species. 

Blatchley 4 states that these insects have three or four segmented 
antennas, and other authors say that there are four segments in the 
antennae. In three species that have been examined, G. oculatus 
(Fabr.), G. rotundatus Champ., and G. quadrimaculatus (Guer.), 
five segments are found. A small segment that is not easily seen 
with ordinary powers of the binocular is between the second and 
fourth segments and is not always visible with the high powers 
unless it is put on a wet slide. In some specimens of G. quadri- 
maculatus the second and fourth segments were in such close con- 
tact that the third segment could not be found. In the short series 
studied, the segments varied for different species, especially the 
fourth. The antennae have not been considered a character of major 
importance, so a large series has not been studied. 

, Some differences exist between the eyes of different species, but as 
with the front, the differences are not easily measured and have not 
been considered of much value. In some the eyes are inclined more 
anteriorly than what might be called normal, while with others the 
eyes are inclined more posteriorly than normal. 

The metaxyphus does differ among species, but the wide variation 
within a species is so great that this character is not of any ap- 
preciable value. The spines on the metaxyphus vary in number 
along the margin and may or may not be present in the same species. 
Since the male insects are asymmetrical, this character is not always 
of the same shape for both sides. 

The prothoracic, mesothoracic and metathoracic stemites were 
studied, and conclusions were reached that they are not good, stable 
characters by which accurate determinations can be made. The 
shape varies greatly within a species, and does not differ greatly 
enough among species to make it a good character. In G. oculatus 

4 . Heteroptera or True Bugs of Eastern North America, 1926, pp. 1022-1029. 
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(Fabr.) the spines on the metasternite varied greatly in number and 
size. The spines upon specimens from Arizona were sparsely scat- 
tered and small, while upon specimens from Kansas they almost 
covered parts of the metasternite and were larger in size. 

The general shape of the metastemal orifice varies in shape within 
a species. Its position also may be different on different specimens 
of the same species. The shape of the lips of the orifice is of no 
value, as drying of the insect would cause their distortion. 

An extensive study of the ovipositors of the females has not been 
made. In some species the spines are very stout, while in others 
they are smaller and not nearly so stout. An attempt was made to 
separate species on the arrangement of the spines of the ovipositor, 
but the pattern varied greatly, and soon the number of groups of 
spine patterns exceeded the actual number of species. 

CHARACTERS OF VALUE BUT DIFFICULT TO USE. 

The size and distribution of the granulations on the dorsal region 
of the body varies some for different species, but they are not of any 
great value as a character to aid in the determination of a species, 
because it would be very difficult to describe them. The granulations 
found on G. rotundus (Champ.) are very evenly distributed, giving 
them an appearance of being smaller than they actually are. With 
most species they are uneven in size and distribution. 

The shape of the ventral abdominal segments offers an external 
character for separating males that might be used as an auxiliary 
character. This character was fairly constant in the series examined. 
The telescoping of the abdomen will vary for a species, and is not a 
very good specific character. The last caudal segments vary in 
shape and length for different species. The mam difficulty that 
presents itself in the use of this character is that the segments may 
shift their positions so that the general aspect of the segments is 
changed, and thus at times becomes misleading. The position of the 
spiracles on the last segments is of no value. In some species they 
are found with difficulty. For some species the posterior spiracle 
shifts its position because the segment it is upon shifts its position. 
The spiracle opposite this one has not been found. 

CHARACTERS OF VALUE. 

The margins of the prothorax differ strikingly enough among 
species that it is considered as a good character. The margins show 
a great range of variation within a species, but once, a characteristic 



Martin: The Genus Gelastocobis. 


355 


shape is learned with its variations, a species may be usually de- 
termined quite easily. The slope of the disc of the thorax is not 
considered as a character of any importance. 

The color of these insects is helpful in determining most species ; 
however, it cannot be relied upon as an accurate check. Possibly 
O. oculatus (Fabr.) shows as great a range of color as any of the 
species described. We give notes on color under the discussion of 
the species. 

The size and shape of the body are gross indicators of a species. 
Some species show a great range in size and shape, while with others 
these characters were fairly constant in the series examined. The 
length of G. quadrimaculatus (Guer.) ranged from 5.29 mm. to 6.46 
mm. for a series of males. This species is very unstable morpholog- 
ically. The measurements given in the descriptions at the end of 
this paper for the length of the body are taken from the anterior 
margin of the pronotum to the tip of the wings. The slope of the 
front depends in part upon the position of the head, so it does not 
offer a stable point from which to measure. 

Hungerford 5 suggested that the genitalia of the male might be of 
value in helping to distinguish one species from another. As was 
predicted, studies of the genitalia of the male were very fruitful. To 
aid in these studies long, narrow trays of plaster of Paris were 
made with partitions in which to keep the individual genitalia 
separate, yet conveniently placed for comparative study. With 
these trays it was possible to have a long series ready for immediate 
comparison without any danger of mixing the specimens. It was 
found that structures could be studied more carefully if the capsule 
were left to dry. However, when it was desired to make studies 
under water, the tray would be filled with water and placed in a 
small dish in which water was poured until the tray was not quite 
submerged. In this way water could be added from time to time 
without disturbing the contents of the tray. 

The genitalia were dissected by holding the relaxed insect between 
the thumb and forefinger while a curved dissecting needle was in- 
serted along the side of the capsule and then carefully worked 
around the anterior edge of the bulb, breaking the membrane loose 
from the body wall. After this had been done the chitinized capsule 
could be pulled out quite easily and either kept in a small vial of 

5 Kan Vmv Sci, Bui , Dec , 1010, Eat No The Male Genitalia as C haract ers of 
Specific Value in Certain Cryptocera (Semiptera-Heteroptera), pfl 829-831 j PI, XXI, Figs 
5 and 7, pp 834, 885 
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alcohol, numbered with the specimen, or mounted on a point, the 
point being kept with the specimen. 

The caudal segments of the male have made a quarter turn to the 
right so that the tips of the claspers point to the right instead of 
dorsally. In most insects both claspers are equally developed, but 
in this group the left clasper is much reduced, and has a ventral 
position in respect to the insect. It is more or less strap-shaped, the 
shape varying some in a few species. 

To aid in the description of the genital parts the nomenclature 
employed by Hungerford 0 has been used, namely : left clasper, right 
clasper, and distal angle of the right clasper. The following have 
been arbitrarily added: right clasper hook, tip of right clasper hook, 
bulb, keel, keel hood, pan, and secondary pan. (See PI. LIX, 
Fig. 18.) 

The left clasper has already been discussed. For the sake of 
comparison the right clasper can be likened' to a capital letter 
“J” made backwards, in both shape and position. Along its 
anterior lateral margin rows and patches of peglike structures are 
found. The number of these structures or their distribution pattern 
seems to be of no special value as a ‘specific character. The caudal 
margin of the right clasper is produced into a flat plate which bears 
a curved, fingerlike process that has been termed the right clasper 
hook. (PI. LIX, Figs. 18 and 19.) The wide range of variations of 
the right clasper hook make it useless as a specific character. 

The angle formed by the right clasper hook and the lateral margin 
of the clasper has been termed the distal angle. This angle has no 
value as a character for determining a species. (See PI. LIX, Fig. 
20.) The plate at the end of this paper shows the wide range of 
variation of this angle in G. ocvlatus (Fabr.). 

The tip of the right clasper is not a very good character, since it 
is not always of the same length and shape within a species. Though 
the shape of the bulb does differ among species, it is believed that 
it is of little use taxonomically. The posterior arm of the bulb, 
which has been termed the keel, bears characters that can be de- 
pended upon as an aid in accurately determining a species. The 
hook on the distal end of the keel (the keel hook) has a character- 
istic shape for each species that possesses it. In some species there 
is quite a range of variation in the size of this hook. In the species 
G. quadrimaculatus (Guer.) the size and shape might be quite mis- 


0. See footnote 5. 
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leading unless one is familiar with the species. Some species are 
without a keel hook. The reader is referred to the plates at the 
end of this paper for the shapes of different species. 

The shape of the keel hook aids in the determination of a species. 
It is normally placed on the ventral side of the keel, with respect to 
the insect, but in some species it may be displaced laterally. A 
secondary keel hood appears in G. cucullatus n. sp. 

The shape of the pan is an indication of a species. (See PI. LIX, 
Fig. 18.) Upon the pan is a small structure that we have termed 
the secondary pan. It is not of much value as a character. 

CONCLUSION. 

From the above studies one can draw the following points, which 
are the only ones of significance in determining a species: The 
genitalia of the male supply certain stable characters, as do also the 
lateral margins of the prothroax of both male and female, and the 
ventro-caudal segments of the abdomen of the male, with due regard 
for the range of variation of each specific character. The combina- 
tion of the structural features mentioned above may be relied upon 
to differentiate the species in this exceedingly difficult genus. 

Gelastocoris oculatus (Fabr.). 

Naucoris oculata Fabrioius; 1708. Ent. Svst., fiuppl., p. 325. 

Galgulus oculatus (Fabr.) Lafreille; 1802. Hist. Nat. Crust. Ins., Ill, p. 254. 

Gelastocoris oculatus (Fabr.) Knkaldv; 1897. Entomologist, XXX, p. 258 (n. n. for Gat* 

* gulus Latr.V 

Gelastocoris barberi Bueno; 1928. Conn. Nat. Hist. Survey Bui. 84, p. 803, Fig. 38. 
Gelastocoris subsimilis Blatchley ; 1920. Heteroptera of Eastern North America. The Nature 
Publishing Co., Indianapolis, Ind., p. 1025. 

Fabricius’ original description, translated, is as follows: 

“Margin of abdomen supplied above with black, anterior feet two-clawed. 

“Habitat: in Carolina. 

“Closely related to N. nepaeformt but distinctly different. Head small with 
boldly prominent eyes, ring of eyes ovate, subspinose. Thorax flat, black. 
Elytra black, immaculate. Anterior feet scarcely incrassate, tibia elongate, 
tip of foot, incurved, claws incurved, sharp, stout.” 

Thoracic margins, plate LVIII, Figs. 9, 10, 11, 12, 13. Genitalia of male, 
plate LIX, Figs. 1 2 and 3. Length: Male, 4.4 mm. to 7 mm.; female, 63 mm. 
to 8.1 m. 

This is the only species of this genus found in the United States with the 
exception of G. rotundatus Champ., found in Arizona; G. vicimis Champ., 
which Champion says inhabits the Southern and Western states; and according 
to Van Duzee, G. variegatus (G.) in the Western states. We have at hand 
650 specimens of this insect collected in the Atlantic Coast r Southern, Central, 
Southwestern, and Pacific Coast states. It is a specie that shows a great 
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range of variation in morphological characters and in color variation. Our 
plate LVm, figures 9, 10, 11, 12 and 13, show some of the variations of the 
thorax. It will be noted that there are no two alike, but all have the same 
general appearance. Other variations of the surface and shape of the stemites 
and other body structures have been mentioned elsewhere in this paper. 

The genitalia of the male show many individual variations. Plate 
LIX, figure 20, shows a series of distal angles (the distal angle is 
found on the right clasper) . It will be noted that there is a gradual 
gradation from the oblique angle to the acute angle, proving beyond 
doubt that the angle is only an individual variation and not a 
specific difference. The keel hood, the keel hook, the pan, and the 
secondary pan show a great deal of variation. However, when 
everything is taken into consideration, all the genitalia are of the 
same general type as shown on plate LIX, figures 1, 2 and 3. 

G. oculatus (Fabr.) shows the greatest variation of color of any of 
the described species that we have at hand., When groups of in- 
dividuals are considered, several color varieties might be described. 
But when the whole group of specimens at hand are taken into con- 
sideration, it is seen that there is a gradation from one color to an- 
other. The genitalia of the males, are all of the same type, so they 
are not different species ; possibly good ecological species, but they 
are not good taxonomic species. Specimens from Florida and North 
Carolina have a ground color of brown or dark brown, almost black 
in some specimens, variegated with light-colored granules. Other 
specimens from North Carolina, Tennessee, Louisiana, Arkansas, 
Texas, Kansas, Missouri, Nebraska, Arizona and Oregon range from 
a black to a light grey, and from a dark brown to a light tan for the 
ground color. The granules are, for the most part, some shade of 
white. The arrangement of the large and small granules makes a 
variegated pattern on the ground color. Some are strikingly varie- 
gated, while others are more obscurely variegated. Some particular 
specimens from central Kansas and Texas have the medial area of 
the dorsal region of a dark reddish-brown color, while the lateral 
margins are splashed with yellow. In some specimens a tinge of lilac 
appears where the yellow and brown blends. With some specimens 
from western Kansas the dorsal surface is from a gray to a bright 
black, spotted with a yellowish-white, the white color being tinged 
with pink. The pronotum is mottled with shades of brown and 
spotted with yellowish-white tinged with pink. The specimens are 
indeed colorful and vie with Querin's G . varieqatus in beauty. Other 
specimens from this region and ixom Oregon are of a velvety brown 
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with white granules. As mentioned before with other specimens the 
arrangement of the granules gives a variegated effect. These are also 
very handsome specimens, and have been determined erroneously 
as G. variegatua (Guer.). A male from Arizona and a female from 
Oregon are marked with various shades of tan and red. The base of 
the pronotum is a light-green color. Other specimens show other 
color schemes. 

Van Duzee 7 gives the following locality records: New York, New 
Jersey, Pennsylvania, Maryland, District of Columbia, “Caro- 
lina,” Georgia, Florida, North Carolina, Ohio, Illinois, Minnesota, 
Colorado, Oklahoma, Arizona. To which list we add the following 
records: Tennessee, Louisiana, Missouri, Arkansas, Kansas, Ne- 
braska, Texas, California and Oregon. This is the first time, to the 
best of our knowledge, that this species has been reported from the 
Pacific coast. The following records are from Kansas: Douglas 
county, H. B. Hungerford, collector; Bourbon county, R. H. Beamer, 
collector; Woodson county, R. H. Beamer, collector; Neosho county, 
Mrs. Grace Wiley, collector; Labette county, R. H. Beamer, col- 
lector; Cherokee county, H. B. Hungerford and R. H. Beamer, col- 
lectors; Riley county, J. B. Norton, collector; Saline county, C. H. 
Martin, collector; Ellsworth county, C. H. Martin, collector; Rice 
county, C. H. Martin, and others, collectors; Reno and Barton 
counties, Cavanaugh, collector; Pawnee, Meade and Comanche coun- 
ties, C. O. Bare, collector; Morton county, C. O. Bare and others, 
collectors; Wallace, Logan, Norton, Graham and Rooks counties, 
F. X. Williams, collector. From these records we see that this insect 
inhabits all parts of Kansas. 

SPECIES IN SYNONYMY. 

Qelastocoris barberi Bueno. Through the kindly interest of Dr. H. B. Hun- 
gerford and the generosity of Dr. W. E. Britton I have been permitted to ex- 
amine the type specimen of this species. The collections of the University of 
Kansas contain a series of specimens from Kansas and Texas that are similar. 
These specimens are all G. oculatus (Fabr.). Qelastocoris barberi Bueno is a 
synonym of G. oculatus (Fabr.). 

Qelastocoris subsimilis Blatchley. We had two specimens of this insect, one 
collected at LaBeli, Fla., by D M. DeLong, and one collected at Hertford, N. 
C., by W. R. Walton, which we identified as G. subsimilis Blatch. Later we 
were able to verify the identification with a male and a female paratype loaned 
by Mr. Bl&tohley. Fortunately, at the time Mr. Blatchley’s paratypee were in 
our hands, Mr. C- 0. Bare sent in a series of 17 males and 20 females collected 

7. Van Dutee, E. V. Cat. oi the Hemiptera oi Amerwa- North of Mexico. . . . 

TJoiv of OaUt. Pub, Tech. Bui., College of Agn , Agricultural Experiment Ste , EM. Vol. I, 
1917, p. 471. 
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in Florida which were identical with Blatchley’s paratypes. A comparison of 
the thoracic margins (PL LVIII, Figs. 9 and 11) with those of G. oculatus 
(Fafcr.) (PI. LVin, Figat* 10, 12 and 13), show that the thoracic margins of G. 
subsimilis are of the type of those of G. oculatus . When the color patterns 
were studied it was found that they were also the same as for G. oculatus from 
other localities. While the males are smaller than the males from other lo- 
calities, yet their genitalia (PI. LIX, Fig. 1), are the same size and the same 
type as those of males from other localities. (PI. LIX, Fig. 2, 3.) Taking the 
thoracic margins and color patterns in consideration and using the genitalia of 
the male as final proof of our assertion, Gelastocoris subsimilis Blatchley is a 
synonym oi Gelastocoris oculatus (Fabr.). 

Gelastocoris bufo (H-S.). 

Gatgulus bufo Herrick -Shaffer, 1839 or 1840 ( 7 ). Die Wansenartigen lnsekten; V, p. 88, 
PI. 174, Fig 536. 

His original description is as follows : 

“G. fuscescens, subtus pallidior, tibis et tarsis posterioribus pallidis fusco 
annulatis. < 

“Da ich dieseinzige Art dieser Gattung vor mir habe, so kann ich nicht mit 
Bestimmtheit behaupten, ob es wirklich Lefebvre’s bufo ist. G. oculatus (F.) 
kann es nicht wohl sem weil hier der Bauch schwarz sein soil. 

’“Gestalt kurz eiformig, unten flach, oben wenig convex ; die Oberfliiche durch 
ausserst feine Korchen chagrmartig, matt rotlich graubraun, gegen die Spite 
der Deckcn mehr rotbraun. Kopf, Thorax, und Schildehen durch ziemlich 
unregclmassige Erhohungen uneben; die Wurzelhlfte der Decken braun und 
grau sehr zierlich gewassert, die schmale Membran schmutzig weiss . Unten 
blassbraun, mit lichen Randern aller Theile. Auch die Flugel sind bis uber die 
Zellun hmaus braun, und nur an der Spitze weiss. 

“Aus Amerika; ohne genauere Angabe von Herr Norwich in Bremen.” 

Thoracic margins, plate LVHI, figure 14. Length* Male, 6.98 mm.; female, 
7.43 mm. to 7.65 mim 

We have at hand one male identified by Champion, who collected it at 
Guatemala City. The genitalia of the male have been removed by someone in 
the past, so we are not able to figure them. The thoracic margins are very 
characteristic. The specimens are of a mottled reddish-brown color. 

Champion gives the localities Mexico, Guatemala and Costa Rica as its 
habitat. Our specimens are from these localities. 

Gelastocoris flavus (Guerin). 

Galgulus flavua Guenn, 1844, Iconographie du Regne Animal de B. Cuvier per Felix Edouard 
Guerin -Meneville. Tome (II, III or IV (?]), pp. 251-255. 

Guerin’s original description translated is as follows: 

Entirely of a dirty yellowish-russet, shading to brown; underneath more 
pale, some small, smooth tubercles, green and yellow, on elytra. Posterior legs 
faintly ringed with brown. Length, 7 mm.; width, 5 mm. 

“Figures 4a, its large head and view of face ; 46, antennae. 

“Habitat: The interior of Brazil. 

“Notes: This species is very closely related with Galgulus bufo of Hahn.” 

We possess three males and three females of this species. Some of the 
males are above and below of a lurid red, concolorous; others dark yellow and 
blftgk in color, 'the wings of the females are shorter than the abdomen. One 
ftfpm le is Of a dldl red while the other two are of a reddish-brown. Both males 
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and females possess six short, longitudinal oarina on the base of the pronotum 
that may be faint or prominent. Some specimens have the lateral edges of 
the ‘ pronotum broadly crenate. The specimens at hand do not possess the 
green tubercles that Guerin mentions, but such colored tubercles have no 
particular significance, and may or may not be present. 

Guerin’s figure shows that the insect that he had had the base of the pro- 
notum straight. In our specimens it is arcuate. Champion mentions that 
with his species the base of the pronotum is tnsinuate. Our studies of the 
bases of other species show that they are very variable, and it is very probable 
that this species shows an even greater variation than in the species we have 
seen. 

Thoracic margins, plate LVIII, figure 18. Male genitalia, plate LIX, figures 
4, 5 and 6. 

Champion gives as the habitat, Costa Rica, South America, to Peru and 
Bolivia. Our specimens are from Brazil, Bolivia and Paraguay. We believe 
that possibly the females that we have at hand are the only ones of this 
species that have been seen. 

Gelastocoris quadrimaculatm (Guerin). 

Oalgulus quadnmaculatvs Guerin; 1844. Icon. Ins., p. 331. 

Oalgulus nebulosue Guerin; 1844 Icon Ins, p. 851. 

Oalgulue ncbulosus var. b Slal ; 187G. Svcnk. Vet.-Ak. Handl. Enusneratio Hemipterorura, 
14, No. 4, p. 187. 

Qelastocorie stall Kirkaldy and Bueno; 1908. A Catalogue of American Aquatic and Semi- 
aquatic Hemiptera. Proc. Ent. Soc. Wash., Vol. X, Nos. 8 and 4, Sept, to Dec., 1908. 

His original description translated is as follows: 

“Upper part black or very dark brown, with the head and sides of the 
prothorax, some little spots on the scutellum, and one spot on each side at the 
back, on the posterior edge of the elytra, of yellowish russet. Some small 
green and very smooth tubercles on the elytra. Underneath and the legs 
yellow, with the base of the abdomen black, and the sides alternately black 
and brown. Posterior legs ringed with brown. Length, 7 mm; Width, 5 mm. 

“From Brazil and Bolivia.” 

Thoracic margins, plate LVIII, figures 1, 2, 3, 4, and 5. Male genitalia, plate 
LIX, figures 14, 15 and 16. Length: male, 5.29 mm. to 6.45 mm.; female, 5.18 
mm. to 6.88 mm. It will be noted that our measurements fall shy of Guerin’s. 
However, it must be remembered that our measurements do not include the 
head of the insect. 

We have in the collections 62 females and 52 males from Bolivia, Paraguay, 
Brazil and Ecuador. The species show a great variation in size and otherwise 
morphologically. Even the male genitalia show extreme differences in size, 
and also differences of structure. However, all are of the same general type; 
and all the specimens at hand are considered to be the same species. Some 
species are of a buff or tan color with or without green tubercles; others are 
fuscus with or without green tubercles. One specimen is mottled with a lurid 
red on a buff-colored background. Other specimens have the median pact of 
the dorsal region black, while on each side of the black stripe it is buff or tan. 

SPECIES IN SYNONYMY. * 

Stal reduced G. quadrimaculatus to a variety under G. nebulosus, and then 
described his variety b under G. nebulosns (G,). Following the Zoological 
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Code, G. quadrimactdatus takes precedence over G. nebulosue, a * It was de- 
scribed before (?. nebulosus in the paper. Because of the wide variation ex- 
hibited by this species and from the study of the genitalia sad color of our 
we believe that Guerin described the Same insect under two -names, 
his G. nebulosus being different only in coloration, which is not a good chan* 
acter for most species in this genus. Both species come from the same coun- 
tries* St&l’s O. nebulosus var. h is very evidently just another color variation 
of the species. As Kirkaldy and Beuno raised St&l’s variety to a species it will 
fall. 

Oelastocom variegatus (Guerin). 

Galgulus variegatus Guerin ; 1844. Icon. In*, p. 862. 

Guerin’s description translated is as follows : 

“Above a variation of dark brown, of black, of gray more or less whitish, 
and of yellow. The gray forms some round spots surrounded with deep black ; 
some very small, smooth, ivory white tubercles on the elytra. Underneath 
black with the sides of the thorax spotted with white and that of the ventral 
with russet. All the legs banded with dark brown and russet. Length, 6 mm. 
to 7 mm.; width, 4% mm. to 5 mm. From the Bay of Campeche. Taken by 
M. Perbose, surgeon of the Royal Marine at Touloni” 

Thoracic margins, plate LVIII, figure 8. Male genitalia, plate LIX, figure 10. 

The thoracic margins of this insect are very distinct. In Champion's 
words, “the pronotum is subpar&llel at the sides in front. The lateral angles 
are foliaceous, very distinctly crenate in front and behind, and transverse or 
subtransverse along their anterior edge!” As with other species, there is a 
variation in the color of different specimens. Champion gives as its habitat 
North America, southern and southwestern United States; Costa Rica; Argen- 
tina; Antilles; Cuba; and Panama. Our specimens are from Guatemala and 
Mexico. 

Geldstocoris pulcher (Stal) . 

Galgulu s pulcher Stal.; 1864. OfveiBigt af Konghga Vet.-Ak. Forhundlingar. Stockholm, 
XI, p. 289. 

Stal’s original description translated is as follows: 

“1. G . pulcher: Very densely coarsely granulate, brown and white wavy 
variegated, thorax convex, flat, subimpressed transversely, last part and base 
angularly dilated; scutellum trituberculate ; exterior margin of clayus becom- 
ing reddish; blackish underneath, variegated with white; legs whitish, ringed 
with brown. Length, 7mm.; width, 5mm. Habitat: Mexico.” 

Champion placed this species in synonymy under G. oculatus (Fabr.). The 
description suggests Herrick-Shaffer’s colored figure of his G. bujo . 

Gela&tocoris vicinus Champion. 

Gelaetocona vicinus Champion; 1901. Biologia Centiali- Americana, Insecta Rhynchota. 
Hemiptera-Heteroptera, Vol. II, by G. C. Champion, F. Z. S. ; 1897-1901, p. 849. 

Champion's original published notes are as follows: 

“Montandon has sent us for examination numerous specimens of this insect 
from Costa Rica, and also one from Mexico, and we have many others from 
Nicaragua and Chiriqui agreeing with them. It is very much like G. variegatus, 
but has the foliaceous lateral angles of the pronotum more oblique in front 
(instead of transverse) and less coarsely crenate. The j5ronotum is strongly 
constricted at the sides behind the anterior angles, the margins beitig sub- 
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parallel in front The general coloration is usually more Secure than in 
variegatus. G. vicmus is the only specks of the genu* found by myself at 
elevations above 2,500 feet on the elope of the Vdcan de Chiriqui. 

"Habitat: North America, southern and western United States; Mexico; 
Panama; South America to Brasil.” 

Thoracic margins, plate LVm, figure 7. Male genitalia, plate LIX, figure 
9« Length, 63 mm. 

We possess two specimens collected at B. Sumbres, San Mateo, C. R„ 
altitude 250 m., February, 1905. 

Qelaatocoris rotundatus Champion. 

GtUutocorii rotundatu $ Champion; 1001 Biologia Cent rail -Americana, Inaecta Rhynehota. 

Hemiptera- Heteroptera , Vol II By G C Champion, F. Z S , 1807-1001, p. $47; 

FI. 80, Fig. 18 

Champion’s original published notes are as follows; 

"Of this species we possess about a dosen examples, agreeing with the types 
communicated by M. Montandon. It is nearly allied to G. ocuiatus (Fabr.), 
but differs from that insect in having the pronotum broadly rounded at the 
sides and feebly sinuate behind the anterior obtuse angles. In one of the 
specimens from Pinos Altos the entire upper surface is mottled with reddish 
brown. G . rotundatus will almost certainly inhabit the southern part of the 
United States. A spotted example from Guatemala City is figured. 

"Habitat; Mexico; Guatemala/’ 

Probably Champion never intended that this species and G. victims 
Champion should be credited to him. As no other descriptions of these species 
can be found that were published before Champion’s, his description’s are 
taken to be the original descriptions. 

Thoracic margins, plate LVHI, figure 16. Male genitalia, plate LIX, 
figure 8. Length; Male, 695 mm. to 70 mm.; female, 72 mm. to 73 mm. 

We have at hand 14 specimens, most of which are mottled with reddish 
brown; one is black mottled with tan. Two of our specimens were collected at 
Douglas, Aris , August, by F. H. Snow, which is the first time that a record 
for this species from the United States has been published. 

Gelastocoris cucullatus n. sp. 

Length; Male, 4.96 to 5.40 mm.; female, 535 mm. 

A species near G. variegatus (Guer.) and G. victims Champion. Does not 
possess the transverse lateral margins of the thorax of G. variegatus, and is of 
an ovate shape instead of the elongate shape of G. vicinus. 

Color. Ground color of males black to different shades of brown. Some 
specimens strikingly marked with patterns of yellowish-white, others more ob- 
scurely marked. Three specimens at hand have the color and markings of G. 
variegatus . Some females are black, streaked with brown, others are brown, 
marked with darker brown. 

Margins of Thorax. Plate LVHI, figure 6. Posterior angle more broadly 
rounded than that of G. tricmus. 

Genitalia or Male. Plate LIX, figures 11, 12 tad* 13. The angle found on 
the margin of the keel hood and the secondary hood beneath tile keel hood, 
which may or may not reach the dorsal edge of the keel hook, are character- 
istic structures of the genitalia of the male. 
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Described from 4 males collected at Los Amatee, Guatemala, by Kellerman; 
1, male collected at Guatemala City, by Champion (det. by him as 0 . ocular 
tvs) i 1 male, no locality record, marked O. Sacken ; a male and a female col- 
lected at Cana) Zone, Barro, Colorado, by N. Banks; 1 female collected at 
Penemoma, Panama, by H. Brown; 1 male collected at Gualan, Guatemala, 
April 1, 1905. Holotype, male (Guat.), allotype (Pan.) female and 3 paratypes 
deposited in the entomological collections of the University of Kansas; 1 para- 
type deposited in the Carnegie Museum ; 1 paratype deposited in the American 
Natural History Museum. 

Gelastocoris fuscus n. sp. 

Length: Males, 6.3 mm. to 72 mm.; females, 6.75 mm. to 7.43 mm. 

Resemble G. bufo (H-S.) but with the lateral margins of the pronotum 
more deeply constricted. 

Color. Color generally fuscous, some black present. With some specimens 
the pronotum is of a lighter color than the rest of dorsal region. 

Margins of Thorax. Plate LVIII, figure 15. Lateral margins of thorax 
more or less crenate. Posterior angle may be sharp or rounded. Considerable 
variation is found among individual specimens. 

Genitalia of Male. Plate LIX, figure 17. Instead of a keel hook a flaplike 
structure is present. 

Described from 5 specimens collected at Tena, Ecuador, February 23 and 28, 
1923, by F. X. Williams; 1 male collected at S. Paulo Olivonca, Brazil, by 8. 
Klages; 1 female collected at Banos, Ecuador, June 22, 1923, by F. X. Williams; 
1 female collected near Napo, Ecuador, February 14, 1923, by F. X. Williams. 
Holotype, male (Ecuador), allotype, female (Ecuador) and 5 paratypes de- 
posited in the entomological collections of the University of Kansas; 1 male 
paratype (Brazil), deposited in the Carnegie Museum, Philadelphia. 

Gelastocoris duplicatus n. sp. 

Length: Male, 535 mm.; female, 6.75 mm. 

It is difficult to distinguish this species form G. fuscus n. sp. The shape of 
the body for the specimens that we have is somewhat different from that of G. 
juscus. Also the posterior margin of the posterior angle of the margins of the 
pronotum is more nearly subparallel than those of G. fuscus. The genitalia of 
the male is very strikingly different from that of G. fuscus. 

Color. Dorsal region from black to dark brown, nearly concolorous; ven- 
tral ly fuscus. Base of pronotum greenish yellow to orange ; disk, ground-color 
black, with greenish granulations, prominent orange spots on the disk of the 
specimen at hand. Females with more black in ground color than male, 
granulations tan color, pronotum tan and black. 

Margins of Thorax. Plate LVIII, figure 17. Margins of thorax most nearly 
resembles those of G. vicinus Champion and G. quadrimaculatus (Guer.) 

Genitalia of Male. Plate LIX, figure 7. Genitalia with a very robust, 
double keel hook and a double pan. 

Described from a male and a female collected at Naranjapta, Ecuador, 
1,850 feet, December 14, 1923, by F. X. Williams. Holotype male, allotype 
fenfale, deposited in the Entomological Collections of the University of Kansas. 
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PLATE LVIII. 

Thoracic margins of Gelaatocom. 

Figs. 1, 2, 3, 4, 5. Gelaatocom quadrimaculatus (Guer.). 

Fig. 6 . Gelaatocom cucullatua n. sp. 

Fia. 7. Gelaatocom vidnus Champion. f 
Fig. 8 . Gelaatocom vanegatua (Guer.). 

Figs. 9, 10, 11, 12, 13. Gelaatocom oculatua (Fabr.). 

Fig. 9. Specimen from Florida. A specimen of G . aubaimilia 
Blatchley, in synonymy. 

Fig. 10. Specimen from Arizona, 

Fig. 11. Specimen from Florida. Drawn from a paratype specimen 
of G. subsimvlia Blatch., species in synonymy. 

Fig. 12. Specimen from western Kansas. 

Fig. 13. Specimen from North Carolina. 

Fig. 14. Gelaatocom bujo (H-S). 

Fig. 15. Gelaatocom juscua n. sp. 

Fig. 16. Gelaatocom rotundatua Champion. 

Fig. 17. Gelaatocom duplicatua n. sp. 

Fig. 18. Gelaatocom ftavua (Guer.). 
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PLATE LIX. 

Male genitalia of Gelastocoris . 

Fig. 1. Gelastocoris oculatus (Fabr.). Drawn from a specimen of Blatch- 
ley’s G. subsimilis. 

Figs. 2, 3. Gelastocoris oculatus (Fabr.). 

Figs. 4, 5 and 6. Gelastocoris fiavus (Guerin). 

Fig. 7. Gelastocoris duplicatus n. sp. 

Fig. 8 . Gelastocoris rotundalus Champion. 

Fig. 9. Gelastocoris vicinus Champion. 

Fig. 10. Gelastocoris variegatus (Guer.). 

Figs. 11, 12, and 13. Gelastocoris cucullatus n. sp. A, keel hood. B, Sec- 
ondary keel-hood. ( 

Figs. 14, 15 and 16. Gelastocoris quadrimacvlatus (Guer.). 

Fig. 17. Gelastocoris fuscus n. sp. 

Fig. 18. Male genitalia of G. oculatus (Fabr.). 

Fig. 19. A and B, right clasper hooks of G. fuscus n. sp. C and D, right 
clasper hooks of G. oculatus (Fabr.). k E and F, right clasper hooks of G . 
rotundatus Champ. These figures illustrate the wide variation that is found 
within the same species. 

Fig. 20. Distal angles of G. oculatus (Fabr.). 

20a, Riley county, Kansas. 

206, Cherokee county, Kansas. 

20c, North Carolina. 

20d, Colorado county, Texas. 

20c, Douglas county, Kansas. 

20/, Ellsworth county, Kansas. 

200, Morton county, Kansas. 

20 h, Austin, Texas. 

2 Of, Bourbon county, Kansas. 

20;, Comanche county, Kansas. 

206, Arizona. 

20J, Tucson, Ariz. 

20m, Pawnee county, Kansas. 
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INTRODUCTION. 

4 

T HE purposes of this paper are: (I) to give a list of the species 
of Coreidse that have been taken in Kansas to date; (2) to give 
the counties in which they have been collected; (3) to give the orig- 
inal description of each species found and to give any further char- 
acteristics which may aid in the determination of the species; (4) to 
determine whether the genital capsule and claspers of the male have 
specific value; (5) to make keys for the separation of the groups 
down to species. 

The material examined is in the Snow entomological collection at 
the University of Kansas, Lawrence, and in the entomological col- 
lection at the Kansas State Agricultural College, Manhattan* The 
material in the Snow collection is an accumulation of years of col- 
lecting by the members of the State University Biological Survey. 

* Submitted to the Department of Entomology and the faculty of the Graduate School of 
the University of Kants i m partial fulfillment of the requirement! for the degree of Marter 
of Arts. 
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Collections have been made in nearly every county in the state. 
However, most of these surveys were made in the months of June, 
July and August and, as the Coreidse as a rule are more numerous 
in the autumn, it is likely that the distribution of the different species 
is more extensive than the records show. 

The writer wishes to express his appreciation to Dr. H. B. Hunger- 
ford, under whose direction the work was done and who gave most 
helpful advice and criticism; to Prof. Harry G. Barber, of Roselle, 
N. J., who checked the writer’s identifications; to Dr. P. A. Readio 
and Kathleen C. Doering, for their kindly help and criticism; and 
to all others who in any way have assisted in this work. 

FAMILY COREIDiE. 

The members of this family vary greatly in form. Some of the 
species are among the largest of the Hemipteta, and others are very 
small and inconspicuous; some have peculiar expansions or shapes 
of the tibiae or antennae; in some the femora are swollen or armed, or 
both; and in some the hind coxae are widely separated, while in 
others they are contiguous. 

The family is characterized as follows: The antennae are situated 
above an imaginary line drawn from the eye to the base of the ros- 
trum, and are four-segmented ; the vertex of the head is not trans- 
versely impressed; the rostrum is four-segmented; the scutellum is 
triangular and of small or medium size, not reaching the middle of 
the body; the hemelytra are usually complete and composed of 
clavus, corium and membrane; the membrane is furnished with 
numerous veins which spring from a transverse basal vein, and are 
more or less anastomosing; the tarsi are three-segmented; the ocelli 
are present. 

In the male the last ventral segment is modified to form a sec- 
ondary sexual organ, the genital capsule. It bears a pair of clasping 
organs, the elaspers, which are attached to the surface, and are con- 
cealed m the genital capsule in the members of three of the sub- 
families (Merocorinse, Coreinse and Pseudophlceinse) . 

The species of the family found in Kansas fall into three groups 
when classified by the genital capsule of the male. The males of 
the subfamily Coreinse (PI. LX, Fig. 5), Merocorinse (PI. LX, Fig. 
4), and Pseudophlceinse (PI. LXII, Fig. 1) have a single convex geni- 
tal capsule which incloses the elaspers, internal genitalia, and the 
amal segment. The dorsal aspect of this capsule has good specific 
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characters in all the species examined. The writer made drawings of 
the ventral aspect of this capsule when that aspect had good specific 
characters, because the insects can then be identified without re- 
laxing them. 

The genital capsules of the males in the subfamily Alydinae (PI. 
LXII, Fig. 5) are not closed at the caudal ends as those of the above 
three subfamilies, but are open so that the claspers are exposed ex- 
cept in the genus Stachyocnemus. The genital capsule is further 
characterized in the species of Megalotomus and Alydus by the 
presence of a pair of hooks on the dorsal surface. Dr. H. B. Hunger- 
ford has suggested that these be called “surcapsular hooks,” and the 
writer has so designated them. (PI. LXII, Fig. 5.) These hooks 
have specific value, not only from their shape and position but also 
from the teeth on them. The writer has found no reference to these 
hooks in the literature. 

The genital capsules of the males of the subfamily Corizinae (PI. 
LXII, Fig. 4) are open at the caudal ends as in the Alydinae, but on 
the whole they have a bulbous shape as do the genital capsules in 
the Coreinae, Merocorinae and Pseudophloeinae. The chief character- 
istic of the genital capsule in this subfamily is the fact that it and 
the eighth segment are drawn back up into the body so that they 
are not visible from a ventral aspect. This condition holds true in 
the female as well, and at first glance it is difficult to distinguish the 
sexes. The shape and form of the genital capsules in this subfamily 
are constant for the species, and are good specific characters. 

The shape, size and- form of the claspers are constant in each 
species, and are specific. They can be readily seen in the subfamilies 
in which they are concealed by relaxing the specimens and pulling 
out the genital capsules. 

The family is a large one. Lethierry and Severin (1893-1896) 
list 1,320 species, which are divided into 29 subfamilies, as occurring 
in the world. Many species have been described since then. Van 
Duzee in his catalogue lists 125 species, which are divided among 48 
genera and five subfamilies (Merocorina, Corein®, Pseudophloeinae, 
Alydinae and Corizinae), as occurring in North America north of 
Mexico. Two of these subfamilies (Alydinae and Corizinae) have 
been raised to family rank by Parshley (1923) and Blatchjey 
(1926). Representatives of all five of the subfamilies, 21 of the 
genera and 35 of the above species are found in Kansas. Fourteen 
of these 35 species have not been recorded from Kansas before. 
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Fig. 1 . Outline map of Kansas. 


KEY TO THE KANSAS SUBFAMILIES OF OOREHX® 

n«i 

A Head large, the part between the eyes wider than the scutellum ; body slender. 

Alyduue, St? 

AA Head smaller, part between eyes narrower than the scutellum; body rather stout. 

B. Metasternal orifices obsolete .Construe, 898 

BB Metasternal orifices distinct 4 

C Hind coxe contiguous or nearly so, upper suiface, except membrane, 
thickly beset with small granules, each bearing a short seta; first seg- 
ment of antenna shorter than the head Pseudophloeina, 880 

CC Hind coxa widely separated, upper surface not thickly beset with small 
seta-bearing granules, first segment of antenna rarely shorter than the 
head 

D. Apex of hmd tibia ending beneath in a short projecting spine, 

length less than 9 mm .Merooonna, 874 

DD Apex of hmd tibia without a projecting spine, length 10 mm or 

more • .. . Coreina, 878 

SUBFAMILY MEROCORINA3 (STAL) 

This subfamily is represented by a single genus and two species 
in North America north of Mexico. One of the two species occurs 
in Kansas. 

Merocoris distmetus Dallas. 

<P1 LX, Fig. 4, 4* > 

Dallas, William S List of the Specimens of Hemipterous Insects in the Collection of the 
British Museum Pfc II, p. 419; 1852 

Original Description (translated by the writer) : 

"Closely allied to the preceding Merocoris (M. typhosus Fabr.) ; chief dif- 
ference is that the head is more nearly square, both sides of the front is sub- 
spinose; antenn® longer, first ana second segments black, third dusky black, 
punctured, fourth black; posterior tibi® without curves. 

"Female, length, %4 inch.’* 

jOblong-oval species of medium size; head small, subquadrangular, porrect, 
much shorter than the pronotum, armed above near base of each antenna with 
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A pair of short, widely separated, divergent spines; first segment of antenna 
stout, subeylindrical, constricted near its base, curved, second and third seg- 
ments more slender, subequal, fourth segment longer than the second and 
third combined; beak just reaching middle coxae; eyes prominent, subglobular ; 
pronotum subquadrangular, sides straight, feebly converging forward from the 
acute hind angles; scutellum short, triangular, its apex acute; apical margin 
of corium long, oblique, feebly sinuate, the outer angle acute; membrane 
reaching tip of abdomen, its veins very numerous, mostly ’simple, connexivum 
narrowly exposed; hind cox® extremely widely separated; apex of hind tib» 
ending beneath in a short, projecting spine; hind femora curved, strongly 
clavate, the basal half very slender, the apical half much thickened, and 
spined beneath. 

Length, male, 6% mm.; width, male, 2 mm. Length, female, 75 to 85 mm.; 
width, female, 3% mm. 

Distribution. It has been collected in the following counties: Douglas, 
Franklin, Riley, Sedgwick, Rice, Seward, Sheridan, Rawlins, Logan, Cheyenne, 
Chase and Sherman. 


SUBFAMILY COREIN^E (STAL). 

This subfamily is represented in the United States by eight tribes. 
Representatives of five of these eight tribes are found in Kansas. 


KEY TO THE KANSAS TRIBES OF COREIN-®. 

PMI 

A. Hind femora not greatly enlaiged, rarely spinous, m which case the antennal tuber* 
cles are moderate in size and separated bv a space greater than their own width. 

B. Posterior tibia* dilated Anisoscelini, 876 

BB. Posterior tibue not dilated. 

C. Antennal tubercles large and prominent, close together, extending much 
beyond the apex of elvpcns ; lateral angles of thorax produced in an 
< acute spine, thud antennal segment flattened and expanded. 

Chanestenni, 862 

CC. Antennal tubercles moderate in size, distant, not extending beyond apex 
of cl> peus , lateral angles of thorax not spmed, third antennal segment 
not flattened and expanded. 

D Second and third antennal segments three-sided; hind tibia threo- 


sided Chehrudmi, 882 

1)1) Antenna* cylmdiual, tibia? simple, cylindrical Coremi, 888 


AA. Hind femora spinous or tubeiculate, usually much enlaiged; antennal tubercles large, 
separated by a space generally less than then oun width. 

B. Clypeus deflexed, not extending much, if any, before antennal tubercles. 

Mictini, 878 

BB. Clypeus not deflexed, extending much befoie antennal tubereles. 

Acanthooephalim, 875 

Tribe Acanthocephalini (Stal). 

This tribe is represented in North America north of Mexico by 
one genus. This one occurs in Kansas. 

Genus Acanthocep}iala Laporte. 

Five species of this genus occur in North America north of 
Mexico. One of them occurs in Kansas. 

24 — 3341 
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Acanthocephala terminate (Dallas). 

(PI. LX, Fig*. 7, 7 A.) 

Dallas, William 8. List of the Specimens of Hemipterous Insect* In the Collection of 
the British Museum: Pt. II, p. 481; 1882; Metapodtua . 

Original Description : 

“A blackish-fuscous Metapodius, opaque, hairy; antennae pitch black, last 
segment golden; tarsi golden, last segment and claws fuscous. 

“Length, female, % inch. 

“Above dark brown, opaque, clothed with very short, yellowish hairs, and 
very thickly and finely punctured. Thorax with the lateral margins smooth, 
the lateral angles somewhat prominent and .obtuse. Scutellum reddish brown. 
Margins of the abdomen with a small spot at the apex of each segment. 
Abdomen blackish, somewhat shining, sparingly clothed with short yellow hairs; 
second and third segments with three small impressed, pale, approximated 
points on each side of the disc. Breast with a reddish orange spot at each 
aperature of the odoriferous apparatus; antepectus and the posterior margin 
of each of the other segments punctured. Legs pitchy, with the four anterior 
tibiae brown; thighs serrated beneath; posterior tibiae not very broad, dilated 
on the outside to within about one-fourth of their length from the apex, on 
the inside to about the middle; the margin of the 'outer dilatation strongly 
emargmate at the middle; the apical portion of the inner margin of the tibia 
with a few minute teeth; tarsi reddish orange, with the apical joint and the 
claws brown. Antennas pitchy black, with the apical joint bright orange. 

“North America. From Mr. Children’s collection ” 

The writer finds the length of the females to be from 22 to 26 mm., and 
that of the males to be from 18 to 22 mm. 

Distribution. This species seems to be confined to the eastern and central 
parts of the state. It has been taken in the following counties : Leavenworth, 
Douglas, Labette, Cherokee, Montgomery, Wilson, Coffey, Riley, Cowley, 
Sumner, McPherson, Rooks, Graham, Lyon and Chautauqua. 

Tribe Ani&o&celini. 

Van Duzee lists three genera and sixteen species of this tribe as 
occurring* in North America north of Mexico. Four species of one 
genus (Leptoglossus) occur in Kansas. 

Genus Leptoglossus Guerin. 

Nine species of this genus have been found in North America 
north of Mexico. Four of these species have been taken in Kansas. 

KEY TO THE KANSAS SPECIES OF LEPTOGLOSSUS. 

FAG* 

Clypous projecting m front of gen®, not deflexed cl y peal is , 878 

Clypeus deflexed in front of gene. 

B. Fourth segment of antenna eQual to or shorter than the third; outer dilattpn 

of hind tibia not scalloped 877 

BB. Fourth segment of the antenna longer than the third; outer dilation of the 
hind tibia scalloped. 

C. Side margins of pronotum behind the humeri unarmed; elytra with a 
very small oblique pale spot on nervure opposite the base of membrane. 

oppontus t, 878 

CC. Side margins of pronotum behind the humeri crenulate or toothed ; elytra 

with a straight white bar opposite the base of membrane. .. . phytlopti* , 877 
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Leptoglossus phyllopus (Linnaeus). 

(pi. lx, Pie*. i, l*.) 

Linzueua, Cfcrl. Syrtema Nature* Ed 12: I, pt. 2, p. 791 ; 1767 ; Cunez 

Original Description (translated by the writer) : 

“Thorax immaculate blackish; upper wings with a whitish band; hind* 
shanks membranaceous and toothed. 

“Inhabits America.” 

Linnaeus’ brief description is scarcely adequate to distinguish phyllopus from 
the other species of Leptoglossus, so the writer has redescribed it from the 
specimens in the entomological collection at the University of Kansas. 

Sieb. Length* female* 18 to 21 mm.; male, 17 to 20 mm. 

Color. Above chestnut brown* thinly clothed with very fine, short* appressed 
yellow hairs; three narrow stripes on head, and front margin of pronotum dull 
yellow; first segment of antenna fuscous* second* third and fourth yellow; 
elytra with an ivory crossbar opposite base of membrane; under surface 
reddish-brown* mottled with numerous blackish dots, and thickly pubescent 
with short Bilver- white hairs ; legs reddish-brown. 

Structural Characteristics. Head three-fourths the length of the pro- 
notum, convex; beak long, reaching to or behind the metacoxsB; antennae with 
basal segment stout, as long as head* second and fourth segments subeq ua l* 
longer than the third. Pronotum with humeral angles prominent* slightly 
projecting upward, their tips feebly toothed. Hind femora slender, the spines 
beneath relatively small. Inner dilation of the tibiae much the narrower, reach- 
ing the middle of tibiaB, its margin finely toothed; the outer reaching the 
apical third, its margin with two wide scallops. 

Distribution. It has been taken in the following counties: Douglas, 
Pottawatomie, Riley, Dickinson, Salme* Greenwood, Elk, Chautauqua, Cowley, 

Sedgwick, McPherson, Reno, Clark and Seward. 

* 

Leptoglossus corculus (Say). 

Say, Thomas. Descriptions of New Species of Heteropterous Hemiptera of North America; 
New Harmony, Ind, : p. 12; 1832 Transactions of the New York State Agricultural 
Society. Vol. XVII, p. 770; 1857 (reprinted by Fitch). The Complete Writings of 
Thomas Say on the Entomology of Noxth Amenea, Vol. I, p. 826; Antaotcelu. 

Original Description : 

“Fuscous; antennae rufous; posterior tibiae dilated, not sinous. 

“Inhabits Florida. 

“Body reddish-brown, rather dark, minutely and densely punctured; head 
simple, with three rufous lines; antennae rufous; basal joint much shorter than 
the second, blackish above, second joint longest; ultimate joint rather shorter 
than the preceding one, fuscous; thorax with the angles not prominent, 
rounded; scutel undulated on the disc; tergum on the lateral margin with 
yellowish lines at the incisures; beneath dull rufous with numerous black 
points; rostrum extending to the middle of the venter; thighs blackish above 
towards the tip, spinous beneath, posterior pair a little thickened; tibiaB dull 
yellowish, posterior pair dilated, not undulated on the edge, fuscous with smfcll 
yellowish spots; the dilation not continued to the tip; inner edge with a few 
short spines. 

“Length four-fifths of an inch. 

“I have obtained two individuals on St, John’s river. In one of the two 
specimens the nervures on the middle of the hemelytra are of a paler color, as 
if, in some individuals, a pale band might exist in that part.” 
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The writer has but one specimen of this species, an unlabeled female, taken 
from the student collection at the Kansas Agricultural College. This specimen 
agrees with the original description very closely, especially with one of the 
specimens that Say collected on the St. John’s river, in that the nervures on 
the middle of the hemelytra are of a paler color. 

Leptoglossus oppositus (Say). 

(PL LX, Figs. 8, 8a.) 

Say, Thomas. Descriptions of New Species of Heteropterous Hemiptera of North America; 
New Harmony, Ind. : p. 12; 1882. Transactions of the New York State Agricultural 
Society: Vol. XVII, p. 771; 1867 (reprinted by Fitch). The Complete Writings of 
Thomas Say on the Entomology of North America : Vol. I, p. 827 ; Antaotcelta. 

Original Description : 

“Reddish-brown ; hemelytra with a white point in the middle of the corium ; 
antennae rufous; head trilineated; posterior tibiae dilated and sinuated. 

“Inhabits Indiana. 

“This is very closely allied to albicinoius Say, but is uniform in its differen- 
tial characters. It may be known by the small white points of the hemelytra.” 

Hind femora relatively slender, their teeth relatively short. Hind tibiae with 
dilations broadly oval, reaching but little beyond the middle of the tibiae, the 
inner more narrow and bearing a few teeth, the outer with two rather deep 
scallops. Length: Female, 18 to 20 mm.; male, 17 mm. 

Distribution. It has been collected in the following counties: Douglas, 
Riley, Sumner and Cherokee. 

Leptoglossus clypealis Heidemann. 

(PI. LX, Figs. 6, 6a.) 

Heidemann, Otto. The Proceedings of the Entomological Society of Washington: Vol. XII, 
p. 196, PI. 8, Fig 1; 1910. 

Original Description . 

“Body oblong, yellowish-brown, covered with short golden hairs. Head as 
long as the thorax, narrowing towards the front, the upper part with two par- 
allel black stripes and a short one behind each eye; clypeus not rounded at tip, 
but conspicuously projecting as a stout spine to nearly the apex of the first 
antennal joint; rostrum comparatively short, extending to behind the middle 
cox® or to the first abdominal segment. Antennae reddish-brown, about as long 
as the distance from head to the middle of body; basal joint with a black line 
exteriorly, equal in length to the third; second and terminal joints subequal. 
Thorax gradually sloping towards front, finely wrinkled and confluently punc- 
tured; lateral margins slightly sinuate anteriorly; the humeral angles bluntly 
rounded, the edge a little upturned and blackish; the callosities shining black, 
feebly elevated, Separated by a light brown somewhat raised line, continuing 
faintly backward; the disk of thorax moderately convex, with a few scattered 
dots; submarginal part of posterior margin depressed, and m front of it a 
transverse sharp ridge. Scutellum black, the tip yellowish, strongly wrinkled. 
Hemelytra very finely confluently punctured and with a yellowish-white zig- 
zag band across the corium. Membrane transparent, pale brown, darker at 
base. Dorsal part of abdomen more or less blackish, the inner sides orange; 
underside of body pale brown, and dotted black. Legs reddish-brown; hind 
femora sulcate beneath, armed with a double row of stout black spines; upper 
side mostly blackish streaked, beset with hardly any tubercles. The membra- 
nous expansion of hind tibia spatulate-shaped, extending toward apex about 
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two-thirds, being broadest near the point ; the inner side of expansion not much 
narrower than the other side, edged apically with a few spines, finer ones on 
a single part of the hind leg: the outer expansion feebly sinuated twice, carry- 
ing two spines, the surface oi the membranous -expansion dark brown, wrinkled, 
and finely golden pubescent, covered with numerous small yellow spots and 
a larger transparent one on the inner side. Venter with a shallow sulcation. 

“Length, 16 to 20 mm. ; width across thorax, 4 to 5 mm. 

“Type: No. 13229, U. S. National Museum/’ 

This species is distinguished from the other species of Leptogloss m known 
at present by the stout spine projecting conspicuously from the point of the 
head. 

This species has not been reported from Kansas before. 

Distribution. It has been collected in the following counties: Douglas, 
Riley, Dickinson, Saline, Rooks, Decatur, Scott, Gray, Meade, Morton and 
Stanton. 

Tribe Mictini (Stal). 

There are six genera of this tribe in North America north of Mex- 
ico. Representatives of three of these are found in Kansas. 

KEY TO THE KANSAS GENERA OF MICTINI. 

PAGK 

A Antenmferoua tubercles opined on the outer aide, head with a distinct tubercle 

behind each eye Euthochtha, 881 

AA. Antenmferoua tubercle* not spined on the outer aide; head not tuberculate behind 
the eyes. 

B. Truncate hind margin of the pronotum not wider than base of scutellum; 

groove for leceivmg tip of robtrum behind front legs Mozena , 870 

BB. Truncate hind margin of pronotum distinctly wider than base of scutellum; 

without groove for receiving tip of rostrum Archimeruz, 880 

Genus Mozena Amyot and Serville. 

This genus is represented in North America north of Mexico by 
six species. One of these has been taken in Kansas. 

Mozena obesa Montandon. 

(PI. LX, Figs. 8, SA.) 

Montandon, A. L. Bulletin de la Societe des Sciences de Bucarest, Roumame: Vol. VIII, 
Nos. 1 and 2, p. 8; 1899. 

Original Description (translated by the writer) : 

“Rather uniform chestnut brown in color; lateral angles of pronotum 
obtuse, not prominent; abdomen dilated, much rounded on sides. 

“Head without punctures, with some very feeble rugosities, scarcely visible, 
slightly paler on the sides. Antennae rather slender, a little longer than the 
head and pronotum together; the first segment dark brown, a little lQnger than 
the median part of head but visibly shorter than the second; the third and 
fourth subequal, each longer than the first. 

“Pronotum with dark punctures easily visible on the disk and posteriorly, 
the free spaces between the punctures glossy and lightly calloused, paler than 
the punctures, of the same tint as the anterior part °f pronotum. The anterior 
lateral sides straight, scarcely obtusely sinuated, notched by a series of un- 
equal and irregular black tubercles on their anterior two-thirds, the lateral 
angle straight or very slightly obtuse, not conspicuous, directed transversely, 
subrounded, apex not acute. 
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“Scufcellum with rather scattered puncture®, the space* between the points 
slightly elevated into irregular transverse cushions. 

^Elytra dear brown, nearly uniformly colored, a little darker on the apical 
angles, with scattered dark brown punctures. Each sunken point on the elytra 
as on the pronotum gives rise to a very small golden hair. Membrane brilliant 
bronze. 

“Top of the abdomen rugose; connexivum fully rounded, dark brown with 
the base of the segments more or less pale; a small, sharp projection at the 
posterior angle of each of the segments. 

“The tip of the rostrum black ; fits into a short groove each side of which is 
bordered by a small, elevated lamella situated on the anterior part of the 
metasternum behind the anterior leg. 

“Legs brown, rugose, the posterior femora of the males more or less re* 
flexed, with two rows of white tubercles on the underside, and some spiny 
tubercles, very scattered and irregular, on the upper side; the posterior tibi® 
slender and curved, with a strong tooth on the middle of their innerside, much 
narrowed on their apical half, and spiny on this from the median tooth up to 
the apex. 

“The underside of the body brown, more or less rugose, rather uniform, a 
little clearer on the chest, a small white band on the sides of the abdomen, 
narrow, irregular, most accented on the fourth and fifth segments. 

“Length, 20 to 21 mm. Width between the lateral angles of pronotum 
8 to 9 mm.; at the base of the elytra, 7.5 to 8 mm.; across the abdomen, 7 to 
10 mm. Florida. (Two males m my collection, received from W. H Ashmead 
several years ago under the name of Archtmerus calcarator F. He did not 
know their true name.) 

“By the form of its pronotum, with the anterior lateral sides nearly straight; 
the lateral angles a little projecting; .the abdomen dilated, noticeably larger 
than the pronotum, the first segment of the antepn® a little shorter than the 
second, the insect should not be confused with any of the other species of the 
genus.” 

Distribution. It has been collected in Rawlins, Barber, Kiowa, Mont- 
gomery and Riley counties. 

Genus Archtmerus Burmeister. 

Four species of this genus are listed by Van Duzee as occurring 
in North America north of Mexico. One of these species has been 
taken in Kansas. 

Archtmerus alternatv& (Say). 

(PI. LX, Figs. 5, 5a.) 


Say, Thomas. Journal of the Academy of Natural Science Philadelphia* IV, p 817; 1825. 

Complete Writings of Thomas Say on the Entomology of North America ; II, p. 248 ; 

Coreu €. 

Original Description : 

“Fuscous; thighs spinous beneath; margin of the abdomen black, with five 
white lineolar spots; head mutic. 

“Inhabits Missouri territory. 

“Body deep blackish brown; eyes rufous, a movable black pupil; stem- 
mata sanguineous; antenttte blackish, tip black; thorax punctured, gradually 
elevated behind, attenuated before, anterior termination as wide as the base of 
the head, anterior lateral edge slightly dentate, posterior angles rounded; 
scutel of the mate tinged with rufous; thighs, a double series of hardly promi- 
nent, robust spines beneath, of which the two opposite terminal ones are much 
more prominent, distinct and acute : abdomen, margin black, alternating, with 
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five oblique white lines; tergum, disc sanguineous; male, posterior thighs much 
dilated, very robust, slightly tuberculated above, terminal spines qot more 
prominent than the others, a large prominent spine on the inferior middle; 
posterior tibiae dentate towards the tip, refracted in the middle, and with a 
robust, prominent acute spine on the angle. 

"Length of the male, more than four-fifths of an inch ; female, nearly three- 
quarters. * , , 

“Somewhat similar to C. galeatus Fabr., but is considerably larger, the head 
is unarmed and in other respects sufficiently distinct. It belongs to the genua 
Mictis of Leach.” 

Distribution. It has been collected in the northeastern part of the state in 
Doniphan, Atchison, Leavenworth, Douglas, Shawnee and Riley counties. 


Genus Euthochtha Mayr. 

Van Duzee, in his catalogue of Hemiptera of North America north 
of Mexico, lists one species of this genus. This one occurs in Kansas. 

Euthochtha galeator (Fabricius>. 

(PI. LX, Figs. 2. 2a.) 

Fftbnciua, Johann Chmtian SyBtema Rhyngotorura Secundum Ordmea, Genera, Species, etc. : 
p. 191 ; 1808 ; Coreu*. 

Original Description (translated by the writer) : 

“Thorax serrated fuscous, antenna pale; posterior femora elevated and 
toothed. 

“Inhabits the Carolines. Type specimen in the Museum Dom. Bose. 

“Sise and form of C. margvnati. Antenna pale, last segment fuscous. Head 
small, acute at both sides of the base of the antenna. Thorax fuscous, the 
posterior margin serrated and elevated, feebly spinose. Elytra punctated. 
The underwmgs slightly yellow. Legs fuscous, posterior femora thickened, 
, curved, toothed.” 

Size. Length, 15 to 17 mm.; width, 5 to 6.5 mm. 

Color. Dull yellow or reddish-brown above, thickly marked with fuscous 
punctures. Antenna reddish-brown or full yellow, the terminal joint darker. 
Connexivum reddish-brown, the margins of segments fuscous and marked with 
yellow, under surface yellow or reddish-brown sprinkled with fuscous dots. 
Legs the same except the hind tibia are paler, immaculate. Pronotum finely 
and irregularly punctuate. Scutellum finely transversely rugose. Elytra 
punctate, each puncture having a small yellowish scale. 

Structural Charactbristicb. Body elongate-oval, depressed above, sub- 
convex beneath. Head short, subquadrangular, broader across the eyes than 
the apex of pronotum; antenniferous tubercules prominent, extending much 
beyond the clypeus, which is deflexed, armed on the outside with a small blunt 
spine. Antenna slender, the basal segment twice as long as the v head, the 
second and third more slender, the second longer than the third, the fourth 
stouter, slightly shorter than the third. Rostrum reaches the middle coxa. 
Pronotum with front angles produced as a short tooth, basal margin truncate, 
wider than the scutellum, lateral angles obtuse. Connexivum exposed. Mem- 
brane reaches the tip of the abdomen. Femora all, armed beneath, the hind 
ones of male curved and swollen. Tibia straight. 
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Distribution. Seems to be confined to the eastern part of the state. It has 
been found in Leavenworth, Johnson, Douglas, Miami, Linn, Bourbon, Chero- 
kee, Neosho, Osage, Wilson, Chautauqua, Cowley, Riley, Montgomery and 
Phillips counties. Phillips is in the north central part of the state. 

Tribe Chabiestebini (Stal). 

This tribe is represented in North America north of Mexico by one 
genus, Chariesterus Laporte. Van Duzee (1917) lists three species 
of this genus as occurring in North America north of Mexico, but 
since then Fracker (1919) has described a new species. Of these 
four species one occurs in Kansas. 

Chariesterus antennator (Fabricius). 

('Plate LXI, Figs. 4, 4a.) 

Fabricius, Johann Christian. Systema Hhyngotorum Secundum Ordmes, Genera, Species, etc. : 
p. 108; 1808; Coreus, 

Original Description (translated by the writer) : * 

“Thorax obscurely serrated, the next to the last segment of the antenn® 
with a dilated compressed membrane. 

“Inhabits the Carohnas. Type specimen in Museum Dom. Bose. 

“Medium sized. Antenn® dark ; second segment scabrous, third dilated and 
membranous, the last claviform. Head, ihorax and elytra dark fuscous. Mar- 
gins of thorax very serrated. Abdomen reddish.” 

Size. Length, 11-14 mm.; width across pronotum, 3-4 mm. 

Color. Dark brown, with sparse short, appressed brownish-yellow hairs. 
Dilation of third antennal segment, spines along lateral margins of pronotum, 
margins of abdomen, beak and tarsi fuscous. Whitish beneath. 

Structural Characteristics. Elongate, slender, depressed above, subconvex 
beneath. Antenmo with basal segment twice the length of head, third with 
apical half dilated to form a thin, oval plate, fourth fusiform, shortest. Apex 
of pronotum but one-third the width of base; front and hind margins of 
humeral angles toothed, the tip ending in a short, acute spine; posterior margin 
slightly concave. 

Distribution. A common species throughout the state. It has been col- 
lected in the following counties: Atchison, Leavenworth, Johnson, Miami, 
Linn, Bourbon, Neosho, Douglas, Riley, Saline, Chautauqua, Cowley, Sumner, 
Sedgwick, Kingman, Reno, Ellsworth, Rush, Osborne, Phillips, Rooks, Ellis, 
Kiowa, Claik, Gray, Gove, Decatur, Rawlins, Cheyenne, Wallace, Hamilton, 
Morton, Lyon, Pratt, Graham and Finney. 

Tbibe Chblinidini Blatchley. 

Biatchley (Heteroptera of Eastern North America, 1926) erected 
this tribe for the genus Chelinidea. There are two species of this 
genus found in North America north of Mexico. One of them is 
found in Kansas. 
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Chelinidea vittiger Uhler. 

(PI. LXI, Figs. 2, 2a.) 

Uhler, Phillip Reese. Transactions of the American Entomological Society: Vol. II, 
p. 866; 1868. 

Size. Length, 13 to 15 mm.; width across pronotum, 5 to 5.5 mm. 

Color. Clay yellow, glabrous; head and antennae brownish-fuscous, head 
with a broad median yellow stripe; anterior and posterior margins of pro- 
notum, scutellum and membrane fuscous-brown or sometimes darker; elytra 
dull yellow with dense fuscous punctures, basal half of costal margin and veins 
yellow; connexivum yellow, immaculate; beneath uniform yellow. The color 
of the elytra varies considerably. McAtee (1919) has made two subspecies, 
and each of these subspecies has a color variety. 

Structural Characteristics. Body oblong-oval, depressed above, sub- 
convex beneath, a plump-bodied species. Head subcylindrical, porrect, three- 
fourths or more the length of pronotum, narrowed and pushed forward in front 
of bases of antenn©; gen© shorter than clypeus which is strongly deflexed 
between them; antenmferous tubercles small, widely separated. Antenn© 
stout, as long as head, pronotum and scutellum combined; basal segment stout, 
curved half the length of head, second and third segments three-sided, sub- 
equal, fourth shortest, fusiform. Pronotum densely punctate, the humeral 
angles lower than the intervening parts, apex one-half the greatest width. 
Scutellum transversely wrinkled. Elytra rather closely and evenly punctate. 
Front and middle femora each with two or three short spines on the inner 
lower margins near apex, and one or two on the outer. Tibi© straight, three- 
sided. McAtee (1919) divided the species into subspecies on the degree of 
carination of the pronotum and the prominence of the anterior, lateral pro- 
notal tubercles. He keys out the two subspecies as follows : 

A* Pronotal margin more elevated anterioily, with a distinct notch at base of short, 

rather blunt, and outwardly directed postocular spine vittiger subspecies vtt tiger. 

AA. Pronotal maigin less elevated anteriorly, sometimes not even carinate (almost evenly 
rounded); postocular spme i educed to a mere blunt tubercle or even entirely lacking. 

vittiger subspecies eequorie. 

This species has not been reported from Kansas before. 

Distribution. It has been taken in Douglas, Franklin, Anderson, Neosho, 
Wilson, Chautauqua, Greenwood, Chase, Phillips, Rooks, Rush, Clark, Gove, 
Logan, Wallace, Hamilton, Stanton and Morton counties. 

Tribe Coreini (Stal). 

Nine genera of this tribe occur in North America north of Mexico. 
Two of these genera are represented in Kansas. 

KEY TO THE KANSAS GENERA OF COREINI. 

PAGB 

A. Head very broad, subdepressed; articulation of antennn cephalic, guarded beneath 
by an expanded plate of gens; scent -gland orifices without buttonlike prominence 

at the anterior margin Catorhmtha , 884 

AA. Heed narrower and more convex ; articulation of antennas laterooephalic, not guarded 
beneath by an expanded plate of the gems; scent-gland orifices with a round but- 
tonhke prominence at the anterior margin. Anatta, 884 
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Genus Catorhintha Stal. 

Van Dusee lists four species of this genus as occurring in North 
America north of Mexico. Fracker (1923) described a new species. 
He also places Ficana apicalis Dallas in this genus. Of these six 
species but one occurs in Kansas. 

Catorhintha mendica Stal. 

(PI. LXI, Figs. #, 6a.) 

Stal, Carl. Enumeratio Hemipteroium Vol. I, p. 187; 1870. 

Original Description (translated by the writer) : 

“ Yellowish-gray, dorsal surface dotted with fuscous; antennae, rostrum, 
except apex of first segment, spines of the antenniferous tubercle and the dorsal 
side of the abdomen, black; ventral margin of connexivum spotted with 
black, three black spots on sides of pectoris, and a series of six black spots on 
each aide of venter; underside of legs sprinkled with black; apex of third 
segment and occasionally the apex of fourth segment of the antennae yellowish- 
white or pale yellow ; two pale yellow spots on rdors&l surface of abdomen, 
yellow spots or bars on connexivum, posterior-lateral margin of thorax and 
apex of scutellum pale yellow, two small yellow spots on the corium, one 
median behind the disc, the other faded on the margin of the apex. 

“Most like Catorhintha guttula (Fabr.), differing only in being larger, under 
margin black spotted, and underside of legs densely sprinkled with black. 

“Countries: Texas, Mexico.” 

Distribution It has been collected in Atchison, Johnson, Miami, Linn, 
Bourbon, Allen, Franklin, Douglas, Osage, Montgomery, Riley, Chautauqua, 
Cowley, Rush, Pratt, Barber, Comanche, Kiowa, Ellis, Phillips, Norton, 
Decatur and Rawlins counties. 

Genus Anasa Amyot and Serville. 

Seven species of Anasa are known from North America north of 
Mexico. Three of these occur in Kansas. 

KEY TO THE SPECIES OF ANASA. 

FAor 

A. Head armed with a long spine on each side, one-third aa long as first antennal 


segment armtgera, 880 

AA. Head not armed with spine. 

B Head marked with two black or black -dotted longitudinal lines trutw, 884 

BB. Head without longitudinal black lines repettta , 885 


Anasa tristis (De Geer). 

(PI. LXI, Figs. 7, Ta ) 

De Geer, Carl. Memoires pour semr a L’histoire des Insectes: Vol. Ill, p. 840, PI. 84, 
Fig. 20; 1778; C%mex. 

Original Description (translated by i he writer) : 

“That bug found all over Pennsylvania by M. Aerelius is the size of an 
oxfly; the body elongated, the abdomen concave on the upperside but very 
convex on the under side; the antennae, which are half as long as the body, 
lire four-segmented; the first and last segments are longer than the others. 
The pronotum is triangular with the lateral angles obtuse. 
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‘The bead, the pronotum and the elytra are obscure, brown above, garnished 
with a great number of glossy black dots; but the membranous portion of the 
elytra is nearly black and the wings are also black. Beneath the body is gray 
cinnamon, a little russet, uniformly covered With little concave points. The 
sides of the prothorax are bordered with gray. The antennas are brownish- 
black; the legs brown with black dots; the top of the abdomen is all black. 
The sober ana obscure color of this bug gives it an air of sadness.” 

This is the squash bug of literature, and as it is the most common, most 
injurious and the best-known species of the family Coreid®, that name hag 
been adopted as the common name of the family. It varies a great deal in 
sise. Length, 13 to 18 xhm.; width across pronotum, 4 2 to 6 mm. 

Distribution . It has been collected in Johnson, Miami, Linn, Leavenworth, 
Douglas, Osage, Riley, Chautauqua, Harvey, Rice, Barton, Decatur, Gove, 
Gray, Logan, Scott, Finney, Sherman and Morton counties. 

Anasa repetita Heidemann. 

CPI. LXI, Figs. 8, 8a.) 

Heidemann, Otto. Proceedings of the Entomological Society of Washington (D. C.): VII, 
p. 11; 1005. 

Original Description : 

“Elongate-oval, uniformly brown or light brown. Upper surface of body, 
and breast, with irregular rows of dark punctures; from each puncture arises 
a short, stiff, golden bristle; abdomen transversely wrinkled, the punctures 
somewhat obsolete, with finer and longer hairs which are more closely placed 
on the apex of the abdomen. Head without a spine or tubercle near the 
antenn®; ocelli amber colored, blackish-edged behind; antennae moderately 
long and finely pilose; basal joint one-third longer than the head, gradually 
curved, brown, with a black line exteriorly and a few black dots, the black 
line even reaching the antenniferous tubercle; second joint a little longer 
than the first; the third nearly equal in length with the second, both joints 
about half as thick as the basal joint, black, narrowly yellowish-white at base; 
terminal joint shorter, fusiform and orange colored. Rostrum reaching the 
middle cox®, light brown, black at tip. Thorax broader than long; the disk 
feebly convex, in the middle a longitudinal narrow, smooth whitish line; 
lateral margins slightly sinuate anteriorly, and obtusely rounded posteriorly 
near the humeri; the anterior margin leas than half as broad as the posterior; 
the latter considerably depressed and straight, the transverse raised line 
above the margin well defined. Scutellum wrinkled; at the basal comers a tri- 
angular black spot, and also one at the tip. The disk of the corium has a few 
dark speckles, formed by the more or less confluent punctures. The membrane 
brownish and sprinkled with some large black dots, the base darker. The con- 
nexivum is edged with white and black fines, and has on the incisures broad, 
whitish transverse bands. Abdomen much rounded, luteous, on the sides of the 
segments a few black spots ; also, one or two near the base of the cox®. Feet 
yellowish-whiU and dotted with large black spots. 

“The genital segment of the male is quite remarkable; it is a little longer 
than broad, with a transverse, shallow line before the middle, the .base con- 
vexlv rounded and sloping abruptly toward the apex, which is truncate, very 
feebly indented in the middle, with the comers decidedly humplike in form. 

“Length, $ 15 mm., S 12 mm.; width across the thorax, $6 mm., $ 5 mm. 

“Type, No. 8217, U. 8. National Museum ” 

This is the first record that the species has been taken in Kansas. 

Distribution. It has been taken in Douglas and Riley counties. 
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Anasa armigera (Say). 

' (PI. LXI, Figti 5, 5*.) 

Say, Thomas. Journal of the Academy of Natural Sciences of Philadelphia: IV, p. 810; 
1825. Complete Writings of ThomaB Say on the Entomology of North America: II, 
p. 248; Coreus. 

Original Description : 

“Brown, feet white, spotted with black; head spinous above the antennae; 
margin of the tergum black, with five white lineloar spots. 

“Inhabits Missouri territory. 

“Body brown above, beneath pale; eyes prominent rufous; stemmata 
sanguineous; above the origin of each antenna an elevated, prominent acute 
spine, half as long as the basal joint of the antenna; antennae first joint white 
spotted with black, second and third black, white at base and tip, terminal 
joint rufous; thorax punctured, elevated behind, descending almost vertically 
and attenuating to the head; anterior lateral edge dentate, posterior angles 
dilated and terminated in an angle, from whence the posterior margin descends 
sinuously and obliquely, terminating in a short acute spine each side of the 
base; base transversely rectilinear; scutel with three black spots at base; 
hemelytra, a white oblique line in the middle on the membranaceous portion ; 
tip blackish; feet white, spotted with black; thighs' armed at the tip beneath 
with two short acute spines; tergum sanguineous, base, tip and margin black, 
the latter with five white oblique lines ; venter pale, spotted with black. 

“Length of female eleven-twentieths of an inch. 

“I have not seen the male of this species ; it bears a general resemblance to 
C. galeatus Fabr., and is about equal to that species in magnitude, but it may 
be at once distinguished by the white fransverse line at the base of the mem- 
branaceous portion of the hemelytra. M 

The length of the specimens that the writer has examined varies from 13 to 
17 mm.; width across the pronotum, 4.5 to 0.5 mm. 

Distribution. It has been taken in Douglas, Leavenworth and Riley 
counties. 

SUBFAMILY PSEUDOPHLCEINiE (STAL). 

There are two genera of this subfamily in North America north of 
Mexico, each of which has two species. One species of one genus 
occurs in Kansas. 


Coriomeris humilis (Uhler). 

(PI. LXII, Figs. 1 1a.) 

Uhler, Philip Reese. Notices of the Hcmipteia of the Western Territories of the United 
States, Chiefly from the Survey* of Dr. F. V. Hayden (in F. V. Hayden: Preliminary 
Report of the United States Geological Survey of Montana and Portions of Adjacent 
Territories for 3871): p. 403, 1872; Dasyrorw. 

Original Description : 

“Closely resembling Z). ptticornis, Burm., of Europe, but rather more 
slender; the head longer and the antennae more slender. Fuscocinereous, or 
pale fulvogriseous, hispid; the head pale beneath; on the sides is a dark brown 
stripe running from the antennae to the base, tylus carinately elevated. An- 
tennae having the second joint distinctly shorter than the third, the fourth 
pale fuscous, about equal to the third joint in length, antenniferous spines very 
short, small. Rostrum reaching to the intermediate coxae; the tip piceous. 
Pronotum remotely punctured, beset with numerous granular processes, densely 
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clothed with gray pubescence; the lateral margins, with their close*eet, short, 
teethlike processes, whitish; humeral angles with an acute, fuscous tooth, 
stouter and not so long as that in D. piUeomis . Pectus pale day yellow, or 
even whitish, dosely, coarsely punctured, granulated, and with whitish, some- 
what matted pubescence. Legs pale clay yellow; the femora granulated, 
pubescent, mottled with brown; tibi© darker at tip; the tarsi somewhat em- 
browned, and the nails piceous. Mesosteraum blackish. Scutellum coarsely 
punctured, covered with dense, whitish pubescence ; the tip white. Hemelytra 
best with coarse, brown granules and short, whitish pubescence; the embolium 
grooved, flecked with brown; membrane pale, the nervures interruptedly 
brown. Connexivum with pale, transverse lines, between which are fuscous 
clouds. Venter minutely wrinkled, closely punctured; the pubescence minute, 
whitish; the basal segments having several brown points each side, and 
usually with a series on each side of all the segments; the lateral margins 
interruptedly infuscated. 

“The posterior femora usually have two spurs beneath, near the tip, and two 
or three small teeth close to the tip. Sometimes the two longitudinal nervures 
of the corium are interruptedly fuscous. 

“Length of tip of venter, 85 to 9 mm. Width across the humeri, 2 to 225 
mm,” 

The writer has seen but two specimens taken in Kansas, a male and female 
from Gove county. 

SUBFAMILY ALYDIN^E (AMYOT AND SERVILLE). 

This subfamily is given family rank by Parshley (1923) and 
Blatehley (1926). Blatchley changes the name of the family to 
Coriscidae (Blatchley; W. S. Hemiptera of Eastern North America: 
p. 256). There are three tribes in this subfamily in North America 
north of Mexico. Tribe I, Micrelytrini (Stal), has four genera, one 
of which, Darmistus, is represented in Kansas. Tribe II, Leptocori- 
'sini, is not represented in Kansas. Tribe III, Alydini, is represented 
in North America north of Mexico by six genera, four of which ( Me - 
galotomus, Alydus, Tollius and Stachyocnemus) occur in Kansas. 

KEY TO THE KANSAS GENERA OF AJ7YDINA5. 


PAGE 

A. Posterior femora not armed with spines Darmistus, 887 

AA Posterior femora armed beneath with a row of opines 

B. Scent-gland onfices distinct; antenna* with fourth segment subequal to the 
second and third segments together. 

C. Antenna* with hist segment longer than the second Megalotomu a, 888 

CC. Antenn® with fiist segment shorter than the second.. . . . . Alydus , 888 

BB Scent-gland orifices obscure or obsolete; antenn® with fourth segment much 

shoitir than second and third together 

C. Posterior tibiae unarmed Tolltus, 892 

CC. Posterior tibi® armed with two rows of strong spines. . . Stachyocnemus, 898 


Genus Darmistus Stal. 

This genus is represented in North America north of Mexico by 
one species. This one occurs in Kansas. 
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Darmistus subvittatus Stal. 

(PL LXII, F*. 11.) 

0t»l, Carl. Overmgt af Konghga Vetenakaps-Akadanuana Forhandlingmr * Vol. XVI, p . 409; 

1869. 

Original Description (translated by the writer) : 

“Pale yellowish-gray, dorsal surface with pectoris distinctly punctated, two 
fuscous lines on the head and four faint ones on the thorax, the nemelytra dis- 
tinctly punctated with fuscous; black lines on the ventral surface of head, 
and a black medioventral line on the pectoris. 

“Male, 9 mm. long and 2 mm. wide. 

“Texas.” 

This species has not been reported before as occurring in Kansas. 

Distribution. It has been taken in Decatur county. 

Genus Megalotomus (Say). 

This genus is represented in North America north of Mexico by 
one species. This one occurs in Kansas. ' 

Megalotomus 5-spvnosus (Say). 

(PI. LXII, Figs. 10, 10a.) 

Say, Thomas. Journal of the Academy of Natural Sciences of Philadelphia: Vol. IV, p. S28; 

1824. Complete Writings of Thomas Say on the Entomology of North America: 

Vol. II, p. 247 ; Lvgarun. 

Original Description : 

“Obscure rufous: posterior thighs five-spined; tergum red, margin lineate 
with black. 

“Inhabits the United States. 

“Body dull rufous, minutely and densely punctured; head triangular; stem- 
mata sanguineous: antennae, second and third joints black at their extreme 
tip, fourth joint dusky, pale at base; rostellum pale, black at tip; setae black; 
thorax obsoletely indented longitudinally in the middle and transversely be- 
fore the middle; posterior angles salient, acute, blackish at tip; scutel pale at 
tip; feet pale rufous, whitish at base; posterior thighs more robust, rufous at 
tip, five-spined beneath; pectus, postpectus, and head beneath, black in the 
middle; tergum red; margin with about four pale spots, and black lineolar 
edges to its segments. 

“Length of body more than half an inch.” 

Claspers of male forked. The outer lobes the longer. 

Length, 14 to 16 mm.; width across the pronotum, 3 to 3.7 mm. 

Has not been reported before as occurring in Kansas. 

Distribution. It has been taken in. Johnson, Douglas, Miami, Riley, Chau- 
tauqua, Cowley, Harper, Rooks, Graham and Trego counties. 

Genus Alydus Fabricius. 

Van Duzee (1917) lists six species of the genus as occurring in 
North America no^th of Mexico. Fracker (1918) described a new 
species. Of these species five are found in TCansas. 
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W TO THE KANSAS SPECIES OP ALYDUB (AFTER TRACKER). 

PAQg 

A* Pronotum with lateral Angles blunt, and sides and lateral margins not distinctly 
paler than the disc. 

B. Cl aspen of male with caudomesal margins subparallel, caudal aspect narrow; 
female of pluto with lateral plates of hypopygium terminating in a tumid 
fingerbke process, sixth ventral segment with a distinct median carina ; 
mainly mountain species. 

C. Antenna with fourth segment shorter than second and third together, 

third subequal to second; body black, not densely pilose pluto, 880 

CC. Antenxue with fourth segment nioie than one-third longer than second 
and third together, third shorter than second; body variegated with 

fuscous, densely pilose tomentotu*, 800 

BB. Claspers of male not with caudomesal margins parallel; lateral plates of 
female hypopygium flat, not tumid at tip, sixth ventral segment with carina 
short, indistinct or wanting. 

C. Claspers of male twisted, not arcuate; lateral plates of female hypo- 
pygium acute at apex; pronotum usually black; membrane mfuscate. 

eurtmu, 890 

CC. Claspers of male arcuate, divaricate at base and convergent at tip; 
lateral plates of female hypopygium broadly lounded at apex; pronotum 
usually with posterior two-thirds fulvous; membrane often spotted. 

consperwt, 891 

AA. Pronotum with lateral angles acute and Interal margins pale; claspers of male with 
lateral expansion and acuminate tip; lateral plates of female hypopygium bluntly 
rounded, approximate at apex ptlosu'u*, 891 

Alydus pluto Uhler. 

(PI. LXII, Pigs 12, 12* ) 

Uhler, Philip Reese. Notice of the Hemiptera of the Western Territories of the United 
States, Chiefly from the 8urveys of Dr. F. V. Hayden (in F. V. Hayd n* Preliminary 
Report of the United States Geological Survey of Montana and Portions of Adjacent 
Territories for 1871) . p. 408 ; 1872. 

Original Description : 

4 “Intensely black, much more robust than A. eurinus Say. Head more robust, 
minutely scabrous, pubescent; the constricted portion of the collum shorter; 
eyes and ocelli prominent; the interorbital surface longitudinally impressed, 
almost to the line of the antennae. Sides and underside of the head minutely 
granulated, punctured, and wrinkled. Antennae either piceous black, or 
black, with the bases of the first, second and third joints pale piceous; the 
underside of base of the first whitish. Rostrum black, reaching to the in- 
termediate coxae. Pronotum very moderately convex, a little pubescent, 
coarsely, deeply punctured; the lateral margins slenderly carinated; the carina 
obsolete at the anterior angles, but considerably elevated on the moderately 
prominent posterior angles. Callosities broad, large, bald, minutely granulated 
each side, with two impressed points behind their middle. Propleur® coarsely, 
confluently, deeply punctured, except anteriorly, where the punctures are 
fine; meso- and metapleur® rather coarsely, irregularly granulated, coarsely 
punctured behind and below. Legs deep black, pubescent, or with the anterior 
and intermediate tibiae pale piceous on the middle; posterior fempra with 
five curved spurs from behind the middle to near the tip; at tip, with two or 
three close-set, very small teeth; tarsi pale piceous on the base of the first 
joint. Scutellum coarsely, remotely punctured. Corium less coarsely, rather 
remotely punctured; embolium smooth, minutely, sparsely, obsoletely pic- 
tured, minutely pubescent; membrane brownish-black, with long, close, very 
numerous nervures. Tergum red as far as the base the antepenultimate 
segment, or only a little red on two or three of the basal segments; venter 
deep black, shining, immaculate, very minutely shagreened, pubescent at tip. 

“Length to ventef, 12-13 mm.; width across th« humeri, 3 mm. 
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“Inhabits Colorado; Ross Fork, Idaho; Louisiana; and Kansas. The spines 
of the posterior femora vary in number from three to six; this variation occa- 
sionally occurs on the opposite sides of the same specimen. There seem to 
be about twenty nervures to the membrane, of which two or three are usually 
forked” 

Distribution. This species has been collected in Clark, Norton and Mc- 
Pherson counties. 


Alydm eurinus (Say). 

(Pi. LXII, Figs. 7, 7 a.) 

Say, Thomas. The Journal of the Academy of Natural Sciences of Philadelphia : Vol. IV, p. 

824; 1824. The Complete Writings of Thomas Say on the Entomology of North 

America: Vol. II, p. 247; Lygcru a. 

Original Description : 

“Blackish, hairy, punctured; tergum black, disk rufous, margin with four 
yellowish spots; posterior thighs three-spined. 

“Inhabits Missouri and Arkansas. 

“Body blackish, hairy, punctured; head triangular; eyes prominent; an- 
tennae, second and third joints dull testaceous, blackish at their tips; thorax 
densely punctured, mutic; hemelytra black-brown; feet black; tibiae and first 
joint of the tarsi, dull testaceous, with black tips; posterior thighs three-spined 
beneath, and one or two smaller spines at tip; abdomen, reflexed margin with 
four yellowish spots; tergum rufous on the basal disk. 

“Length about half an inch. 

“The body of this insect is long and. narrow ; the diameter of the head which 
passes through the eyes is but little shorter than the breadth of the thorax.” 

B. Length, 11 to 15 mm.; width, 2.3 to 3 mm. 

Color. Color above variable from nearly wholly black to largely fuscous 
brown; connexivum black, each segment with a small orange-yellow spot near 
front angle; antennae fuscous brown, basal segment and tips of second and third 
segments darker; tibiae fuscous brown, darker near apex. 

Structural Characteristics. Head finely and densely punctate; antennae 
with third segment little shorter than the second, both together but little longer 
than the fourth. Pronotum with disk convex, but little narrowed in front, 
deeply and densely punctate, clothed with numerous rather coarse, erect black 
or brown hairs, as is the head. Scutellum slightly convex, coarsely but not 
densely punctate. Elytra finely and sparsely punctate. Abdomen slightly di- 
lated at middle, the connexivum rarely narrowly exposed. 

This species is easily confused with Alyd'us pliUo Uhler if a superficial ex- 
amination is made, but the genitalia of the two species is very distinct. 

Distribution. Has been taken in Douglas, Miami and Riley counties. 

Alydus tomentosus Fracker. 

Fracker, S. B. The Annals of the Entomological Society of America* Vol. XI, No. 8, p. 

267; 1918. 

Original Description : 

“Color black, mottled with dark brown ; body and legs densely covered with 
long, fine, black and white setae intermixed; form more robust than in eurinus 
and not so large as in pluto. Head black, marked on each side with a longi- 
tudinal flavescent anteocuiar line, slightly broken at tip of anteaniferous tu- 
bercle and extending nearly to apex of jugum ; also a short, pale fuscous vitta 
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caudffveatrad of each eye. (One tpecimen in addition show* a email fuwous 
epot behind the ocelli). Antennas fuscous, first, second and third segments 
bl&efc toward apex; fourth segment more than one-third longer than two pre- 
ceding together, fust shorter than second, snbequal to third, and attaining 
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one-half longer than third. 

“Pronotum densely punctate, black, mottled with fuscous on posterior half 
of the disk and on the sides, sometimes with an indication of short mediodorsal 
and lateral marginal fulvous lines near anterior margin. Scutellum black, 
flavescent at tip. Corium castaneous, mottled with flavescent ; membrane 
infuscate. Thorax and abdomen black beneath, densely hairy, sides of thorax 
rugose and deeply punctate. Scent-gland orifices well developed. Margins of 
abdomen minutely flavomaculate. Legs with the coxae, trochanters and tibiae 
castaneous, the latter black at tip; femora black, armed with three or four 
long spines. Claspers of the male with mesal margins subparallel, caudal 
surfaces slightly expanded laterally near tip. 

“Size male, 10x2.6 mm. 

“Holotype : male, from Fort Collins, Colo. 

“Paratype : male, from Las Animas, Colo.; both in the Ball collection” 


This species has not been reported as occurring in Kansas before. 
Distribution. It has been taken only in Norton county. 


Alydus conspersus Montandon. 

Mon tan don, A. L. Proceedings of the United States National Museum : XVI, p. 40; 1808. 

Original Description : 

“Grayish above, sparsely hairy on the anterior part of the pronotum ; head 
black, anterior margin and a longitudinal spot on the middle of the anterior 
part of pronotum black, the middle of this black spot sometimes with a very 
small longitudinal pale line. The posterior part of the pronotum and the 
elytra grayish with fine punctures, with castaneous and numerous irregular 
black spots. Membrane pale vitreous with darkish nervures and numerous 
rbund spots irregularly scattered on the surface; the greater part of the back 
of the abdomen red, base and extremity black. Connexivum black with a pale 
spot at the base of each segment. Body beneath black with metallic bronze 
reflections, especially on the abdomen. Antenna dark brown, with the basal 
two-thirds of the second and third joints pale. Legs black, the tib® brownish, 
with the base and extremity darkish. First joint of the tarsi brownish, with the 
extremity black. Length, 10 to 11 mm.” 

This species is distinguished from eurinus by the much sparser and finer 
punctation of the pronotum, and by the fact that each one of these finer and 
sparser punctures bears minute appressed yellow hairs. 

This species has not before been reported as occurring in Kansas. 

Distribution : This species has been taken in Rawlins and Riley counties. 

Alydus pilosulus Herrich-Schaeffer. 

(Pi. LXII, Figs. 6, 5 a ) 

Hemch- Schaeffer, Gottlieb August Wilhelm. Die Wansenartigen Insec tioa : Vol. VIII, p. 101 
Fig. 870; 1848. 

Original Description (translated by writer) : 

“An ochre-fuscous Alydus, pilose; first to third segments of antennae, tibi® 
and tarsi testaceous, apex fuscous. 

“Size and form similar to A. calvaratue, but more slender; the brownish 
26 — 3341 
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ochre-yellow ground color appears as three longitudinal lines on the anterior 
t part of head and as side stripes, and on the anterior black part of prothorax as 
4 a median line. Underside of head, metastemum, and the tibiae near their ends, 
fresh green. 

“Male from North America; from Sturm ” 

Size. Length, 10 to 14 mm.; width across humeri, 2 to 2.7 mm. 

Color. Color above usually grayish yellow, the head fuscous, with clypeus 
and a line on each side dull yellow, a narrow stripe below eye and the edge of 
side margins of pronotum whitish; apical third of pronotum, tips of first three 
segments of antennae, tips of tibiae and tarsi fuscous or black; terminal seg- 
ment of antennae dusky; membrane pale brown. 

Structural Characteristics. Elongate, slender, depressed above, sub- 
convex beneath. Pronotum longer than wide, the sides straight and converging, 
the apex about two-thirds the width of base; humeral angles acute, slightly 
projecting forward; hind margin subtruncate. Elytra finely and densely 
punctate. 

Distribution. It has been taken in Doniphan, Johnson, Douglas, Franklin, 
Wilson, Chautauqua, Greenwood, Pottawatomie, Riley, Reno, Harper, Pratt, 
Phillips, Clark, Finney, Scott, Rawlins, Cheyenne and Cowley counties. 

Genus Tollius Stal. 

Van Duzee in his catalogue lists two species of this genus as occur- 
ring in North America north of ’Mexico. One of these species has 
been taken in Kansas. 

Tollius curtulus (Stal). 

Stal, Carl Konfflign Svenska Fregattens Eugemes rrt>a omkring Jorden, Insekter p 234; 

3859; Alydun 

Description (based upon that of Fracker (1918) and Blatchley (1926) : 

Size. Length, 9.5 to 12 mm.; width, 2.2 to 3.5 mm. 

Color. Head fuscous with a median and two lateral lines reddish-yellow; 
antennae pale, the first and fourth segments darker. The pronotum dull yellow 
sprinkled with fuscous dots and punctures; disk marked with a pair of fuscous, 
slightly divergent lines. The scutellum fuscous, the tip pale. Elytra with 
numerous small fuscous blotches; membrane pale, mottled with pale fuscous 
blotches. Beneath with sides fuscous and middle reddish-brown. Femora 
mottled, sometimes with yellow rings. 

Structural Characteristics : An elongate-oblong species. Head elongate- 
triangular, almost as long as the pronotum. First segment of antennae shorter 
than the head, second and fourth subequal, third slightly shorter. Pronotum 
subquadrangular, slightly longer than wide, lateral margins straight, hind mar- 
gins subtruncate, not toothed. Elytra as wide as the abdomen, the connexi- 
vum not exposed; membrane reaching tip of the abdomen. Front and middle 
coxae and all tibiae unarmed ; hind femora moderately swollen and with a row 
of stout spines beneath on the outer margin. The scent-gland orifices obsolete. 

This species has not been recorded from Kansas before. 

Distribution. The writer has seen but one specimen from Kansas, and that 
one was taken in Wallace county. 
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Genus Stachyocnemua Stal. 

Ohe species of this genus occurs in North America north of Mex- 
ico. This one is found in Kansas. 

Stachyocnemus apicalis (Dallas). 

(PI. LXII, Figs. 6, 6a ) 

Dallas, William 8. List of the Specimens of Hemipterous Insects m the British Museum: 

Vol. II, p. 479; 1852; Alydua 

Size. Length, 7J5 to 8 mm.; width across humeri, 2 to 2 5 mfn. 

Color. General color yellowish grey or black ; pronotum with a large brown 
or piceous triangle on base, extending forward to the apex by a narrow me- 
dian line ; connexivum piceous, the upper front angle of each segment grayish- 
yellow; antennaB grayish-brown, the fourth segment darker; under surface and 
femora varying from pale grayish sprinkled with fuscous dots to piceous. 

Structural Characteristics. Scent-gland orifices obsolete; the shape of 
the male genital capsule conceals the claspers ; head triangular, much narrowed 
and produced in front of antennae; antennae with first segment widened to tip, 
second and third subequal, slender, fourth longer and thicker than others. Pro- 
notum as wide at base as long, with posterior margin bearing a mesal tooth. 
Hemelytra reaching to or slightly surpassing the tip of abdomen in length. 
Anterior and intermediate femora and tibiae slender and unarmed; posterior 
femora thickened, attaining apex of abdomen and armed beneath with two 
rows of acute teeth; posterior tibiae armed with two rows of strong spines. 

This is the first time that this species has been recorded as occurring in 
Kansas. 

Distribution. This species has been taken in Clark and Morton counties. 

SUBFAMILY CORIZINiE (MAYR). 

This subfamily is represented in North America north of Mexico 
by three tribes. Representatives of all three of these tribes occur in 
Kansas. 

KEY TO THE TRIBES OF SUBFAMILY CORIZIN.*. 


PACK 

A Anterior angles of prothorax projecting forward m an acute spine Harmoetmi, 898 

AA. Anterior angles of piothorax obtuse or rounded 

B. Body over 10 mm. long, hemelytra opaque Leptoconni, 399 

BB. Body not over 9 mm. long, hemelytra h valine Comini, 395 


Tribe Habmostini (Stal). 

Van Duzee lists three genera of this tribe as occurring in North 
America north of Mexico. Two of these genera occur in Kansas. 

KEY TO KANSAS GENERA OF HARMOSTINI. 

A. Abdomen extended laterally hevond the margins of hemelytra, pronotum with a dis- 
tinct median impression Au/ernt, 895 

AA. Abdomen not extended laterally beyond the margins of hemelytra ; pronotum with- 
out a distinct median impression Harmotte*, 894 
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Genub Harmostes Burmeieter. 

' This genus is represented in North America north of Mexico by six 
species. Two of them occur in Kansas. 

KEY TO KANSAS SPECIES OF BARMOSTBS. 

fAQM 

A. Basal segment of antenna scarcely or slightly surpassing apex of head; second and 

third segments subequal * . frat*rcutu$, 894 

AA. Basal segment of antenna surpassing the apex of head about one-half its length; 

second segment shorter than the third * «... .rtjlsxviu*, 804 

Harmostes reflexulus (Say). 

(PI LXII, Fi#» 2, Si ) 

Say, Thomas Descriptions of new species of Heteroptcrous Hemiptera of North America; 
New Harmony, Ind p 10, 1882 Transactions of the New York State Agricultural 
Society Vo! XVII, p 768, 1867 (reprinted by Fitch) The Complete Writings of 
Thomas Say on the Entomology of North America Vol I, p* 828 , Syromatte s. 

Original Description : 

“Body reddish-brown, with rather large, confident punctures; head not ex- 
tending more than half the length of the basal joint of the antenna, obviously 
carinate between the antennae , tubercles each side of the antenna; acute; 
antenna, first joint robust, rough, much narrowed; second joint shorter than 
the third, terminal joint half as long as the third; thorax, lateral margins a 
little reflected, the edge ooncavely arcuated, posterior angles rounded; 
anterior angles prominent, acute; scutel narrowed before the tip; hemelytra, 
conum yellowish, rufous near the scute! ; nervures very distmet; lateral edges 
a little reflected; membrane hyaline; beneath, greenish-yellow feet pale 
rufous; posterior thighs dilated, spinous beneath. 

“Length, one-fourth of an inch. 

“The rostrum hardly reaches the posterior coxa. The last joint of the 
antenna is elongate-oval and much shorter than the preceding joint, as de- 
fined by Latreille in this genus.” 

Length, 7.5 f o d mm ; width, 2 2 to 2 7 mm. 

Distribution. It has been collected m Atchison, Douglas, Bourbon, Osage, 
Lyon, Riley, Dickinson, Jewell, Ellsworth, Reno, Norton, Hodgeman, Clark, 
Rawlms, Cheyenne, Greeley, Hamilton, Morton, Stevens and Clark counties. 

Harmostes fraterculus (Say). 

Say, Thomas Descriptions of new speues of Heteroptcrous Hemiptera of North America, 
New Harmony, Ind , p 10, 1882 Transactions of the New York State Agncultutal 
Society Vol XVII, p 768, 1867 (reprinted by Fitch) The Complete Writings of 
Thomas Say on the Entomology of North America Vol I, p 824 , Syromattee 

Original Description : 

“Anterior point of the head extending nearly to the tip of the first joint of 
the antenna 

“Inhabits Georgia and Indiana 

“Closely resembles the preceding species (H. reflexulus Say), but i m smaller; 
the anterior tip of the head extendi nearly or quite to the tip of the first joint 
of the antenna, the lateral margin of the conum is very distinctly punctured 
with black; the membrane is marked with a longitudinal obsolete brown line 
and small points; the general color is darker; the tergum is sanguineous, 
black at base 

“Length, less than one-fourth of an inch 
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"A email specimen was sent to me by Mr. Oemler, from the vicinity of 
Savannah, and I have obtained the two sexes in Indiana.” 

This species has not been reported from Kansas before. 

Distribution. This species has been taken in Douglas county. 

Genus Aufeius Stal. 

This genus is represented in North America north of Mexico by 
one species. This one is found in Kansas. 

Aufeim impressicoUds Stal. 

(PI LXH, Figs. 8, 8a.) 

Stal, Carl. Enumerstio Hemipterorum : Vol. I, p. 222; 1870. 

Original Description (translated by writer) : 

“Pale yellowish-gray, sprinkled with fuscous, apical segment of antenn® and 
disk of mesoeternum fuscous or black. Male, female, 5 to 6 mm. long; width 
of thorax, 1% to 2 mm. 

“Habitat: Mexico, Texas. (Mus. Holm ) 

“First segment of antenn® sparsely granulated, second and fourth segments 
equal in length, the third scarcely longer. Head without distinct punctures, 
sides granulated. Thorax distinctly punctated and sprinkled with fuscous, 
disk impressed on both sides with short red lines; anterior part depressed; 
lateral margin sinuate before the middle, minutely crenulated. Scutellum 
totally punctated. Hemelytra hyaline, membranaceous, veins opaque and 
elevated, frequently sprinkled with fuscous, exterior veins of the corium 
granulated on both sides. Membrane transparent, immaculate. The under- 
side occasionally sprinkled with minute fuscous and sides of pectus and venter 
supplied with densely fuscous sprinkled lines. Pectus distinctly punctated. 
Apex of abdomen of male narrowly truncate; of the female widely truncate, 
last ventral segment of the male with apex sinuate, in female produced to apex 
of abdomen, subrounded medially. Legs variegated fuscous/’ 

Distribution. This species has been taken in Douglas, Riley, Kingman, 
Decatur, ifceridan, Gove, Rawlins, Logan, Kearny and Finney counties. 

Tribe Corizini (Stal). 

This tribe is represented in North America north of Mexico by one 
genus ( Corizu8 Fallen). This genus is represented by fourteen 
species, five of which occur in Kansas. 


KEY TO THE KANSAS SPECIES OP CORIZUS 

*AOS 

A. Transverse impression of pronotum ending in a loop vtndicatua, 896* 

AA. Transverse impression of pronotum not ending in a loop. 

B. Last segment of the abdomen short ami broad, its apex truncate in female, 

evenly rounded m male hyahmts , 898 

BB. Last segment of the abdomen distinctly longer, its apex acutfe or rounded m 
female, obtusely rounded in male. * 

C. Scutellum broad at tip, rounded. indent mtut, 898 

CC. Scutellum narrow at the tip and pointed. 

D. Connexivum unspotted .* faferstis* 898 

DD. Connexivum spotted 


idm, 897 
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Corizm hyaiinus (Fabricius). 

(PI. LXII, Figs. 8, 8*.) 

Fabricius, Johann Christian. Entomoloffia systematica emendata et aucta, secundum classes, 
ordmes, genera, species, adjectis synonymis, locis, observatiombus : Vol. IV, p. 16b; 
1704; Lygwu*. 

Original Description (translated by the writer) : 

"A black Lygseus with margins of the thorax reddish; elytra hyaline with 
apex fuscous; hyaline punctures. 

“Habitat: An island of America. Doctor Pflug. 

“Small. Antenn® black. Head black, vertex with reddish punctures. 
Thorax black, lateral margins reddish. Scutellum black, apex reddish. Elytra 
hyaline, apex fuscous with large hyaline punctures. Wings white. Body black 
beneath with red lines. Legs black.” 

Size. Length, 53 to 6.4 mm. 

Color. Above yellow, red, or sometimes very dark, ornamented with darker 
markings; sternum black; transverse suture of pronotum prominent and black; 
connexivum not distinctly spotted. 

Structural Characteristics. Posterior lateral angles of metapleura pro- 
duced into an acute rounded angle ; scutellum narrow and acute apically, sides 
nearly straight; transverse suture of pronotum prominent and black; wings 
extending much beyond the apex of the abdomen; last segment of the ab- 
domen short, truncate in the female, evenly rounded in the male. 

This species is cosmopolitan in ‘distribution, but has not been reported 
from Kansas before. 

Distribution. It has been taken in Atchison, Douglas, Miami, Allen, Riley, 
Sedgwick, Reno and Logan counties. 

Corizus viridicatus Uhler. 

Uhler, Philip Reese. Notices of the Hemiptera of the Western Territories of the United 
States, chiefly from the Surveys of Dr. F. V. Hayden (in F. V. Hayden: Preliminary 
Report of the United States Geological Survey of Montana and Portions ,of Adjacent 
Territories for 1871): p. 404; 1872. 

Original Description : 

“Slender, form of C . truncatus, Ramb. Pale green; front of the face rather 
blunt, the end of the tylus decurved; upper surface of the head with whitish, 
sericeous pubescence, scabrous, uneven, minutely punctured; the underside 
obsoletely wrinkled, finely pubescent. Antenn® slender, clothed with remote 
long hairs; the basal joint extending beyond the tvlus, freckled with dark 
brown, and usually with a short stripe on the underside; the apical joint 
rather slender, hardly longer than the preceding, more or less orange, at base 
paler; the second and third joints subequal, faintly streaked with brown both 
above and below. Rostrum reaching not quite to the posterior cox®; the 
middle line and the apical joint, excepting at its type, dark piceous. Face 
and cranium sometimes with a few small spots and streaks of brown or black 
on the middle and near the eyes. Jfro&otum with long pubescence, coarsely 
punctured in irregular, transverse rpws, the callosities forming a prominent 
ridge nearly across the entire width; antepectus and pleura uneven, a little 
lees coarsely punctured; the meso- and metapleura uneven, a little more 
coarsely punctured; the posterior flap of the metapleura oblique truncated, 
with the upper angle rounded at tip, and, together .with the acetublar caps, 
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minutely punctured. Legs greenish-yellow, the femora rather robust, dotted 
with brown in rows, those of the upper inward side sometimes confluent in a 
large patch; tibiae freckled with brown; at tip and the tips of each of the 
tarsal joints brownish, the nails piceous. Scutellum uneven, irregularly, some- 
what coarsely punctured, the lateral edge recurved, the tips sunken, and its 
apex almost acute. Corium hyaline, rather finely punctured, the clavus some- 
times blackish, or streaked with black; costal and base broadly coriaceous; 
the nervures usually with a few blackish points and streaks; membrane hyaline. 
Tergum black on the two or three basal segments, very coarsely punctured at 
base, and a little less coarsely on the disk; the apex with a black streak run- 
ning from the penultimate segment to the tip, narrowing posteriorly; the ante- 
penultimate segment often with two or three black dots on the disk; con- 
nexivum immaculate, minutely punctured. Venter immaculate, minutely 
wrinkled and shagreened, finely pubescent. The punctation of the surface 
is sometimes brownish, either above, or both above and below. 

“Length, 5-^6 mm.; width across the humeri, 1% to 2 mm. 

“This species is quite unlike any of the others thus far discovered in the 
United States, in slenderness and neatness of proportions, as well as the 
bright freshness of its colors when recent. It inhabits Colorado, Nebraska, 
and Dakota.” 

This species is closely related to Corizus crassicornis Linnaeus. 

The writer has found but one specimen that has been collected in Kansas. 
That one was collected in Rawlins county. 

There are no records that this species has been collected in Kansas before. 

Corizus sidoe (Fabricius). 

(PI. LXII, Figs. 4, 4a.) 

Fabncius, Johann Christian. Entomologia systematica emendata et aucta, secundum cl asses, 
ordines, genera, species, adject is synonymis, locis, obaervatiombus : Vol. IV, p. 169; 
1794; Lyo&ui. 

Original Description (translated by the writer) : 

“An ash-colored Lygceus, sprinkled with fuscous; elytra hyaline, fuscous 
punctate; antennae clavate. 

“Habitat : South America. Doctor Pflug. 

“Small. Antennae pale, last segment stout, fuscous. Head, thorax, scutellum, 
body and legs ash-colored, sprinkled with fuscous. Elytra whitish-hyaline with 
many scattered fuscous punctures. Wings white, immaculate. Abdomen coal 
black above with an ash-colored band .” 

Size. Length of female, 5.6 to 6 2 mm.; male, 4.4 to 5.5 mm. Width of fe- 
male, 2.0 to 3.1 mm.; male, 2 to 2.5 mm. 

Color. The general color varies from dark brown to gray or reddish-yellow, 
usually rather thickly covered over with very small brown or brightish-red 
spots; dark line from head extends back on the pronotum, widens and fades 
out ; small bla^k spots cover the body and legs. 

Structural Characteristics. Head narrowly triangular; first segment of 
antennae scarcely reaching apex of the head; abdomen short and much wider 
than the thorax; wings longer than the abdomen. 

Distribution. It has been collected in Douglas, Wilson, Riley and Decatur 
counties. 
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Corizus lateralis (Say). 

(PI. LXII, Fi*» 9, 91 ) 

Say. Thorn**. Journal of the Academy of Natural Science* of Philadelphia; IV, p. 890 1 
1826. Complete Writing* of Thomae Say on the Entomology of North Amenea: II, 
p. 245; Coreut 

Original Description : 

“Pale reddish-brown, punctured; hemelytra with spotted nervures; feet, 
pale, spotted. 

“Body somewhat hairy, pale reddish-brown, with much dilated approximate 
punctures; head somewhat unequal, two obsolete impressed lines between the 
antennae, a blackish spot behind the eye; eyes dusky, pale before; antennaB 
brownish, with sparse hairs; terminal joint as long as the preceding one, di- 
lated, with cinereous pubescence; thorax with three obsolete dusky spots be- 
fore, and an impunctured whitish line abbreviated before; scutel with a longi- 
tudinal, impunctured whitish line; hemelytra, nervures with black spots, in- 
terstitial spaces membranaceous; membranaceous tip immaculate, whitish be- 
neath, with a distinct lateral red line ; feet hairy, pale ; thighs spotted with red- 
dish-brown; pectus rufous; venter yellowish or rufous. 

“Length, more than one-fourth inch.” ( 

Scutellum constricted near apical third, coarsely not densely punctate, its 
edges raised and apex subacute. Sixth dorsal segment of female broadly tri- 
angular with apex rounded; sixth doraa! segment of male prolonged, sub- 
spatulate. Length, 5 to 7.5 mm.; width across humeri, 2 to 3 mm 

Distribution. Has been collected in Doniphan, Leavenworth, Johnson, Mi- 
ami, Bourbon, Allen, Douglas, Wilson, Riley, Butler, Sedgwick, Sumner, King- 
man, Reno, Norton, Graham, Clark, Lane, Scott, Rawlins, Cheyenne, Morton 
and Stevens counties. 

Corizus indentatus Hambleton. 

Hambleton, J. C Annals of the Entomological Society of America Vol I, p 180, 1008. 

Original Description : 

“Somewhat resembling scutatus, but smaller and more hairy. Length of fe- 
male, 4.5 to 0 mm.; width, 2 to 3 mm. Male, length, 45 to 5 mm ; width, 
2 to 25 flam. 

“Head: Antenmferous tubercles small but rather sharp, very close to the 
eyes. Rostral lobes short and obscure. First segment of antenna reaches a 
little beyond the apex of the head. Upper surface rough and tubercular. 

“Pronotum tubercular, especially in the region of the transverse suture, 
which is often difficult to trace on this account. This suture forms a rather 
deep depression on either side of the median line, Scutellum rather broad 
and rounded at apex; with borders slightly raised » ear the end, which is not 
excavated. 

“Abdomen but little wider than pronotum. Genitalia pretty much as in 
8cutatu8, though the entire sixth segment of the female is relatively shorter, 
and the ventral plate m the male is not so narrow at its middle point. Wings 
a little longer than abdomen. Whole insect covered with rather dense hair. 

“Color, reddish-brown with no distinctive markings. The pronotum js some- 
times irregularly blotched with black, and m posterior border with the base of 
the scutellum, dark or almost black. Beneath the color is lighter, often tinged 
with yellow and minutely spotted with tel. Sternum black, and often a dark 
brown line on either side of abdomen Isiter* near the borders. The first and 
seoond segments of disk of abdomen am black, and the remaining four may 
be black also, but usually brown. The third has two small spots on the an- 
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tenor margin end the fourth a rather large oval spot at it* center; the fifth 
has two smaller oblique spots at its anterior margin and several small round 
spots below these; the sixth with the conventional yellow lateral stripes and 
the long black spot between them. Connexivum alternating dark and light, 
sometimes one predominating and at others the other. The dark portions are 
frequently ornamented with one or more small round spots of a lighter color. 
The legs are reddish-yellow spotted with brown. Wing veins with a few brown 
spots. Membrane with a slight reddish tinge/ 1 

In so far as the writer can ascertain, but one specimen of this species has 
been collected in Kansas. That one was taken in Riley county, and is in the 
entomological collection at the Kansas State Agricultural College. 

This is the first time that this species has been recorded as having been col- 
lected in Kansas. 

Tribe Leptocobini Van Duzee. 

Van Duzee lists two genera under this tribe in his catalogue. Rep- 
resentatives of both of these genera are found in Kansas. 

KEY TO THE KANSAS GENERA OF LEPTOCOBINI. 

FAQ* 

A. Buccul* less than half the length of the head; rostrum scarcely passing hind 

cox* Leptocoris, 80S 

AA. Buccule reaching the base of the head; rostrum reaching to or beyond the second 

abdominal segment Jadera, 400 

Genus Leptocoris Hahn. 

This genus is represented in North America north of Mexico by 
one species. This one is found in Kansas. 

Leptocoris trivittatus (Say). 

- (Pi lxi, Pig*. 1, a.) 

Say, Thomas Journal of the Academy of Natural Sciences of Philadelphia: IV, p. 822; 
1826 Complete Writings of Thomas Say on the Entomology of North America. II, 
p. 246; Lygceus 

Original Description : 

“Black, thorax trilineate, and hemelytra margined with rufous. 

“Body black; eyes and stemmata sanguineous; thorax mutic; two indented 
transverse lines near the head, of which the anterior one is curved in the mid- 
dle; three bright rufous lines, of which two are marginal; posterior edge ob- 
scurely rufous, hemelytra, coriaceous portion with a rufous exterior and poste- 
rior margin, membranaceous tip immaculate; trochanter rufous: tergum rufous 
with three lateral black punctures; venter, margin and middle rufous. 

“Length, nine-twentieth inch/’ 

Length of species examined, 11 to 13.5 mm.; width, 3 to 4 mm. 

This is the common box-elder bug. It is more numerous in the autumn. 
It does considerable damage to the leaves of the box elder (Acer negundo L.) 
and is also said to damage fruit such as peaches, plums and Apples. 

Distribution. It has been taken in Douglas, Riley, Lincoln, Stafford, Rush, 
Ellis, Meade, Finney, Sheridan, Thomas, Logan, Qheyenne, Sherman and Mor- 
ton counties. * 
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Genus Jadera Stal. 

Van Duzee reports that there are three species of this genera found 
in North America north of Mexico. Only one (Jadera hoematoloma ) 
of these three is found in Kansas. 

Jadera hoematoloma (Herrich-Schaeffer). 

(PI. LXI, Figs 8, Sa ) 

Herrich-Schaeffer, Gottlieb August Wilhelm Die Wan&enartigen Insecten • Vol. VIII, p. 

108, Fig. 878; 1848; Leptocom. 

Original Dbscription (translated by the writer) : 

“A black Leptocoris, with the lateral margins of thorax and all the upper 
part of the abdomen bright red; eyes and ocelli brown. 

“A long, rather pointed oval along each side. The wing covers extended 
somewhat convexly. The fore margin of thorax thrown up into a broad roll, 
punctured with large round cells. Dull black; eyes and ocelli rust red; the 
side margins of the thorax and the entire free margin of the abdomen bright 
scarlet red. 

“This species has the same habitat as the Lygaefid® ; the head is distinctly 
three-parted anteriorly; the fore margin of the thorax is thrown up into a 
broad roll ; the membrane has a vein running across the base and many partly 
anastomized longitudinal veins. The wing covers extend far beyond the abdo- 
men. Antennas, head, and the anterior half of the thorax, likewise the legs, 
are clothed with long bristlelike hairs. 

“From Mexico; from Sturm” 

Distribution. It has been collected in Douglas, Riley, Cloud, Decatur and 
Sherman counties. 
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EXPLANATION OF PLATES. 


PLATE LX. 

Leptoglossus phyllopus (Linnaeus). 

Fig. 1 . Genital capsule of male, ventral aspect. 

Fig. 1a. Left clasper, cephalolateral aspect. 

Euthochtha galeator (Fabricius). r 

Fig. 2. Genital capsule of male, dorsal aspect. 

Fig. 2a. Left clasper, median aspect. 

Leptoglossus oppositus (Say). 

Fig. 3. Genital capsule of male, ventral aspect. 

Fig. 3a. Left clasper, caudolateral aspect. 

Merocoris distinct us Dallas. 

Fig. 4. Genital capsule of male, dorsal aspect. 

Fig. 4a. Left clasper, ventral aspect. (Scale 2 X the above.) 
Archimerus altematus (Say). 

Fig. 5. Genital capsule of male, dorsal aspect. 

Fig. 5a. Left clasper, caudolateral aspect. 

Leptoglossus clypealis Heidemann. 

Fig. 6 . Genital capsule of male, dorsal aspect. 

Fig. 6a. Left clasper, caudolateral aspect. 

AcUnthocephala terminahs (Dallas). 

Fig. 7. Genital capsule of male, dorsal aspect. 

Fig. 7a. Left clasper, caudolateral aspect. 

M ozena obcsa Montandon. 

Fig. 8. Genital capsule of male, dorsal aspect. 

Fig. 8a. Left clasper, caudolateral aspect. 
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PLATE LXII. 

Coriomem hurrahs (Uhler). 

Fw. 1. Genital capsule of male, dorsal aspect. 

Fig, Ik. Left clasper, dorsal aspect. 

Harmostes reflexulus (Say). 

Fig. 2. Genital capsule of male, ventral aspect. 

Fig. 2a. Left clasper, lateral aspect. (Scale, 2 X above.) 

Conzus hyaltnus (Fabricius). 

Fig. 3. Genital capsule of male, ventral aspect. 

Fig. 3a. Left clasper, lateral aspect. 

Conzus sidae (Fabricius). 

Fig. 4. Genital capsule of male, ventral aspect. 

Fig. 4a. Left clasper, lateral aspect 
Alydus pilosulus H.-S. ( 

Fig. 5. Genital capsule of male, dorsal aspect, cl, clasper; sh, sur- 
capsular hook. 

Fig 5a. Left clasper, lateral aspect. 

Stachyocnemus apicahs (Dallas). 

Fig. 6 . Genital capsule of male', dorsal aspect. 

Fig. 6a. Left clasper, lateral aspect 
Alydus funn us (Say). 

Fig. 7. Genital capsule of male, dorsal aspect. 

Fig. 7a. Left clasper, lateral aspect. (Scale, 2 X above.) 

Aufeius impresstcollis Stal. 

Fig 8. Genital capsule of male, ventral aspect. 

Fig. 8a. Left clasper, lateral aspect. (Scale, 2 X above.) 

Conzus lateralis (Say). 

Fig. 9. Genital capsule of male, ventral aspect 
Fig. 9a. Left clasper, lateral aspect. (Scale, 2 X above.) 
Megalotomus 6-spmosus (Say). 

Fig. 10. Genital capsule of male, dorsal aspect. 

Fig. 10a. Left clasper, lateral aspect. 

Darniistvs subvittatus Stal. 

Fig. 11. Genital capsule of male, caudal aspect. 

Alydus pluto Uhler. 

Fig. 12. Qenital capsule of male, dorsal aspect. 

Fig. 12a. Left clasper, lateral aspect. (Scale, 2 X above.) 



Deay: Coheid.® or Kansas. 


415 


PLATE LXII. 




THE UNIVERSITY OF KANSAS 

SCIENCE BULLETIN 

Vol. XVIII.] April, 1928. ' [No. 6. 


The Genus Scolops (Homoptera, Fulgoridse).* 

E. P. BREAKEY, Department of Entomology. 


CONTENTS. 

PAGE 


INTRODUCTION 417 

Distribution 418 

Life History Notes 418 

Habitat and Hosts 419 

Specific Characters 420 

Wing Venation 421 

Descriptions 422 

Technique for Preparing Specimens 423 

Male Genitalia 424 

Species m Synonymy 425 

SYSTEMATIC TREATMENT OF THE SUBGENUS SCOLOPS 429 

SYSTEMATIC TREATMENT OF THE SUBGENUS BE LON OCHA BIS 448 


INTRODUCTION. 

W HILE making a systematic study of the F ulgoridffi indigenous 
to the Middle West, the writer became aware of the fact that 
much confusion and uncertainty existed among taxonomic workers 
as to the species in the genus Scolops. In many publications species 
have been erroneously named and classified. Few writers working 
with the group have had a clear species concept for the genus, and 
as a result the mistakes of a predecessor have often been perpetuated. 
While it is true that several workers have had such a conception, 
their findings and conclusions have not been published. It was with 
the aim of untangling the situation and of bringing the genus, up-to- 
date that the following studies were undertaken. 

The writer wishes to acknowledge his indebtedness to those whp 
have assisted him in his work: To Dr. P. B. Lawson, at whose sug- 

* Submitted to the Department of Entomology and to the ^radhate faculty of the Univer- 
sity of Kansas m partial fulfillment of the requirements for th# degree of Master of Arts. 
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gestions the studies were undertaken and under whose guidance the 
work was done, he feels the greatest obligation and deepest grat- 
itude; to Dr. H. B. Hungerford, whose sympathetic interest has 
been a source of continuous inspiration : to Dr. E. D. Ball, who was 
so generous in the loaning of material, and whose suggestions added 
much to the progress of the studies; to Mr. W. E. China, of the 
British Museum, who so graciously extended the assistance he could 
command; and to each of the following, for the loan of much valu- 
able material: Prof. Herbert Osborn, Prof. C. P. Gillette, Prof. Z. P. 
Metcalf, Mr. W. J. Gerhard, Dr. S. A. Rohwer, and Dr. T. H. Frison 
he is very grateful. 

DISTRIBUTION. 

The genus Scolops Schaum, as known at present, is limited to 
North America. It is best known from the plains region of the tem- 
perate zone lying just east of the Rocky Mountains, although its 
range is now indicated by the following outlying points: Maine on 
the northeast; Florida on the southeast; Monterey, Mexico, on the 
south; Nogales, Ariz., on the southwest; California on the west; 
and Enderby, British Columbia,- on the northwest. Uhler’s genus 
Belonocharis, which will be treated as a subgenus in this paper, is 
known only from west of the Rocky Mountains. The range of this 
group seems to be typically west of and outside of that of the former. 
Representatives of Belonocharis have been examined from Tia 
Juana, Mexico, on the south; Wenatchee, Wash., on the north; and 
Rifle, Colo., on the east. 

LIFE HISTORY NOTES. 

No work seems to have been done toward determining the life 
histories of the insects in this interesting group. According to the 
labels on the specimens before the writer, adults occur throughout 
the summer in this locality from the middle of June to the last of 
September. Three pairs in copula are before the writer, one pair of 
S. hesperius bearing the date August 8, and two pairs of S. sulcipes 
bearing the date August 10. Females of several species that were 
known to be carrying ova were selected for dissection, with the hope 
of finding some suggestions as to oviposition habits. All were dated 
late in August or early in September. The ova were found to be 
large and few in number, measuring on the average from 1 mm. to 
1.25 mm. in length, and about 0.5 mm. at the greatest diameter. The 
greatest number of ova taken from any one individual was 12 and 
tlie least 5, while the average was around 7. The ova were elongate- 
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oval in shape and quite granulose in appearance. It hardly seems 
probable that the eggs are inserted in the woody tissues of plants, 
for the ovipositor of the female is certainly not constructed for such 
an operation, since the blades are thin and membranous. From this 
point all is speculation as to how and where the eggs are placed. 

Copulation. Attachment for the copulatory act is made about 
as follows: The eighth abdominal sternite of the female has become 
divided along the median line, and from the mesal ends of the halves 
there projects caudad a pair of appendages, the valves of the ovi- 
positor. These apparently have little to do with the sexual act itself. 
The posterior margin of each half of this sternite is notched mesad, 
and it is these narrowed portions that the male grips by placing the 
hooks of his parameres in the notches on the caudal margins, and 
bringing the anterior margins of the sternite up against his pygofer 
hooks. Having done this he is now on his back. The seventh ab- 
dominal sternite of the female is provided with a well developed 
ridge on the anterior margin. The anal plate of the male is bifid on 
the caudal extremity, and the two halves are turned down forming 
a pair of hooks. An additional hold on the female is secured by 
placing these hooks on the anal plate over the ridge on the anterior 
margin of the seventh abdominal sternite of the female. The sedea- 
gus of the male is then inserted between the valves of the ovipositor. 
(See PI. LXIII, Fig. 4.) 

* HABITAT AND HOSTS 

The habitat of the group seems to be restricted typically to moist 
places near the edge of woodland and to low spots in the prairies that 
have been undisturbed, and where vegetation has been allowed to 
make a rank growth. The presence of these insects seems to depend 
more upon the nature of the vegetation than upon its topographical 
location, for the writer has had very profitable collecting on hilltops 
on the prairies, far removed from any such moist situations. S 
sulcipes seems to prefer Solidago and HeUanthus, although it is often 
found in places where Ambrosia artemisifolia is dominant. S. pun- 
gens has been secured in quantities from nearly pure stands of 4m- 
brosia artemisifolia. S. luridus was secured from nearly pure stands 
of Artemisia, probably ludoviciana, early in September. They are 
rarely taken in grasslands, and are not to be taken in quantities as 
are the species of other groups. Since they are collected by the 
sweeping method it is difficult to say on what particular plants they 
are living, for the vegetation swept normally consists of a variety 
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of species. It has been found that short, swift strokes of the net, 
well down into the vegetation, brought the best results, since the in- 
sects are shy and very agile in their movements. 

SPECIFIC CHARACTERS. 

Since confusion has existed among many writers as to what con- 
stituted good specific characters, a survey was made of the group to 
determine what characters were specific and to what extent they 
were reliable. 

Veins of Teomina. The presence or absence of fuscous markings 
on the costal cell of the elytra proved to be constant for the species. 
On these characters it was possible to separate the species of the 
genus into two nearly equal groups. In some species the veins of 
the tegmina are concolorous, while in others they are marked in 
various ways and degrees. Forking of the veins does not offer char- 
acters that vary widely enough between the 'species to be useful. 

Head and Process. In a number of species the head is set close 
up against the pronotum, while in others it is more distant, with 
somewhat of a constriction behind the eyes. The length of the 
cephalic process as compared with that of the front, its width as 
compared with that of the vertex, and its general shape, offer good 
specific characters. To say that the process is long or short, stout 
cr slender, is ambiguous; but to limit the term “long” to mean as 
long as the front or longer, and “stout” to mean three-fourths as 
wide as the vertex or wider, conveys meanings that are tangible. 
The above terms and others that appear in the descriptions, in- 
cluded as a part of this paper, have been restricted in their meanings, 
in so far as possible. (See PI. LXIII, Fig. 1.) 

Color. Colors and color patterns furnish excellent auxiliary char- 
acters. The insect can be considered as having a typical ground 
color on which are imposed fuscous markings which vary greatly in 
number, size, density of color, shape of outline, and position on the 
body, among the species, but are typical within the species. The 
ground color, together with the fuscous markings, give to the insect 
a characteristic appearance. It is possible for these fuscous mark- 
ings to vary greatly in density of coloring, as is shown by the ex- 
treme case of S. pungens. This is truly, in several respects, a widely 
varying species, as will be pointed out later. Some species are seem- 
ingly devoid of color patterns, while others are richly supplied. The 
presence or absence of fuscous bands on the fore and middle tibia 
have proven of value as specific characters. 
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Male Genitalia. Studies of the male genitalia of the group re* 
vealed specific characters which are practically constant within the 
species, as Bhown by the examination of a long series of individuals, 
in each case where abundant material made such possible, and which 
will add much to the definiteness of classification. The characters 
are not at all difficult of access in case one needs to appeal to them in 
definitely placing an insect systematically. The accompanying draw- 
ings are a valuable part of the paper, for there it has been possible to 
give information many pages of writing would fail to disclose. 

Sexual Variation. The difference in the sizes of the sexes is 
much more pronounced in some species than in others. The males of 
S. gro88U8 appear to have about half the body bulk of the females, 
while those of S. sulcipes are normally only slightly smaller than the 
females. In every known case but one the relative body measure- 
ments hold regardless of the difference in the sizes of the two sexes. 
The cephalic process of the male of S. jlavidus var. pellos var. n. is 
not typical of the species, being proportionally much shorter At 
first this unusual variation was thought to be due to some accident 
the insect had had during metamorphosis, but on careful examina- 
tion the process seems to have had normal development. 

Dimorphism. Considerable confusion has arisen in the past due 
to the fact that both macropterous and brachypterous forms occur 
in the same species, and at the same time. The brachypterous form 
is by far the more common, and at the present time certain species 
are known only from that form, while the other form probably ex- 
ists and will come to light in the future. 

WING VENATION. 

Metcalf*, in 1913, discussed the wing venation of the Fulgoridse, 
from which studies the following summary for the genus Scolops 
will be drawn: 

Costa of the fore wing is typically unbranched, usually of some- 
what less extent than subcosta. Subcosta lies parallel with radius 
for its entire length, and both are unbranchcd. Media is typically 
two-branched, although these branches may divide again before 
reaching the apex of the wing. Cubitus is typically two-branched, 
while the first anal vein is unbranched. The second anal vein is 
unbranched, while the third anal vein forks once, the inner branch 
uniting with the second anal vein toward the apex. 

* Metcalf, 35. P, The Wing Venation of the Fuigondae. Annals of the Entomological So- 
ciety of America' VI, No. 8; 1818. 
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Costa of the hind wing is present only as a weak vein at the 
base of the wing. Subcosta appears merely as a weak vein lying 
parallel with the radius along its base. Radius is typically un- 
branched, although in this group it shows a tendency to branch near 
the apex of the wing. Media is typically two-branched, as is also 
cubitus. The first anal vein is unbranched, as is also the second anal 
vein which lies parallel with it, while the third anal vein is typically 
three-branched. (See PI. LXIII, Fig. 2.) 

DESCRIPTIONS. 

When preparing a monograph of any group it is desirable, when 
possible, to point out specific characters when describing and re- 
describing the various species, excluding as many of those characters 
of a general nature as possible. It is possible to do this by following 
a uniform plan in writing the descriptions. One must also bear in 
mind that it is often the combination of specific characters rather 
than the characters themselves that is important in determining a 
species. The terminology used is very important, and an effort 
has been made to be consistent and strict in the use of terms, em- 
ploying those that have come to* be accepted and used by the au- 
thorities working in related fields. 

Measurements. Body measurements have been employed only 
as gross indicators. The length of the body has been restricted to 
mean the distance from the sulcus to the tip of the telson. The 
term “sulcus” as here used refers to the transverse groove that sep- 
arates the front from the cephalic process. Wing lengths have not 
been used since they were found to be too variable. Body width has 
been restricted to mean the greatest width across the body just 
caudad of the tegulse. The length of the front means its greatest 
length, which includes the latero-posterior angles. Comparative 
measurements have proven much more reliable and therefore are 
much to be preferred to actual measurements. Such have been used 
whenever they were found to offer specific characters. 

Color. To describe a color or color combination has presented 
one of the most difficult phases of the present studies. In describ- 
ing the color charateristics of each species the writer has striven 
for consistency and accuracy, knowing full well that what may be 
interpreted by one reader in one way may receive a different inter- 
pretation from another. Whenever possible the coloring of recently 
collected material has been made the basis of the description. 



423 


Breaket: The Genus Scolops. 

TECHNIQUE FOR PREPARING SPECIMENS, 

The most satisfactory method for preparing material for study 
is about as follows: After the labels have been removed from the 
mounted specimens, it is placed, pin and all, in boiling water and 
allowed to remain for a few minutes only. Care should be taken to 
have the heat so regulated that the water is not bubbling. If the 
specimen is mounted on a paper point it will come loose; and if not, 
it will be easy to remove the pin from the relaxed insect without 
causing damage. The labels should be placed on a pin, together with 
a number corresponding to that on a bottle to which the relaxed 
specimen is transferred, and preserved for future use and reference. 
A quantity of a solution of ten per cent alcohol is placed in the 
bottle containing the relaxed specimen. After the specimen has re- 
mained in this solution over night it is sufficiently relaxed for study. 

To mount the specimen for study it is necessary to pin it down 
on a paraffin dish in such a way that a true lateral view of the 
genitalia may be obtained. A suitable paraffin dish may be prepared 
by filling the lid of a small tin box with paraffin, and as the paraffin 
cools making a depression in it by pressing with the thumb. The 
specimen is pinned on its left side near the margin of this depression 
by first inserting a pin in the groove between the middle and hind 
coxae; second, by lifting the wings on the right side and inserting 
a pin under them on a slant, so that it holds the wings from over the 
genitalia and prevents the specimen from sliding up on the first pin; 
and third, by placing a pin on either side of the head in such a way 
that the specimen is made rigid. The specimen need not suffer 
the least injury, since it is not necessary to pierce the body wall 
or appendages. With the specimen fixed in this position it is ready 
for examination under the binocular. Enough water should now be 
placed in the depression to completely cover the specimen so that 
a clear, undistorted view is obtained. The genitalia can be opened 
by pulling the anal plate and parameres away with a dissecting 
needle. 

As soon as the necessary studies have been made the specimen 
should be returned to its vial, and absolute alcohol added dn place 
of the former solution, for desiccation. After remaining in the ab- 
solute alcohol for twenty-four hours, xylol should be substituted, 
and it allowed to stand for another twenty-four hours. From the 
xylol it can be remounted as before and the proper labels returned. 
By following such a procedure the specimen is damaged very little, 
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if any. Greenish colorings will be destroyed, but the fuscous color- 
ings and markings will be practically unchanged. Some bleaching 
will result from the absolute alcohol, but this is much to be preferred 
to removing the genitalia from the specimen. The genitalia of holo- 
type specimens have been studied by the above method, when one 
would hesitate to undertake such studies if to do so it were necessary 
to remove the genitalia, with the subsequent damage to the specimen. 

MALE GENITALIA. 

The male genitalia of the genus fall typically into three groups. 
For the sake of comparison and reference these will be designated as 
the sulcipes group, the grossus group, and the Belonocham group. 
In structure they are typical of the Dietyophorinse, and consist 
primarily of a median tubular organ, the sedeagus, and a pair of 
lateral appendages, the parameres. The nomenclature adopted is 
essentially that accepted and used by the authorities of to-day. 

^Edeagus. This organ in Seolops seems to consist of a pair of ap- 
pendages, subsequently united dorsally and ventrally, in the form of 
a tube. Such a development is not so evident in Belonocham. In 
Seolops the distal ends of these appendages have bladelike structures 
that are stiffened with chitin. These have been termed the ventral 
blades, and show characters of structure that are constant for the 
species, which should aid materially in classification and in arrang- 
ing the species phylogenetically. Dorsad of the ventral blades and 
between them project the conjunctiva appendages. These append- 
ages are present and well developed in Beloncham, while the ventral 
blades are entirely wanting. In the sulcipes group the conjunctiva 
appendages are short and do not extend beyond the ventral blades, 
but in the other groups they are longer and have a characteristic ap- 
pearance for each. Those of Belonocham are well developed and 
stand almost at right angles to the longitudinal axis of the sedeagus 
The identity of the grossus group is readily established by the ap- 
pearance of these appendages, which are slender, long, and bent 
dorso-cephalad until they point in almost the same direction as the 
longitudinal axis of the sedeagus. The shape of the unchitinized part 
of the sedeagus depends much on the relaxing, and cannot be relied 
upon for specific characters. 

Pygofeh Hooks. It will be noted that the latero-posterior angles 
of the pygofer in Seolops have been drawn out and folded laterally, 
so that a stottt, heavily chitinized hook has been formed. Belono- 
charis does not have such a hook, for while the latero-posterior angles 
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have been drawn out, no lateral bending has taken place. These 
hooks, in general appearance and relative position with respect to the 
pygofer, offer auxiliary characters that are of value in placing a 
species systematically. 

Pakameres. These are a pair of appendages that lie on either side 
of the edeagus, inclosing it laterally and ventrally when it is not in 
use. The lateral hooks on these appendages are not set so far 
caudad in Belonocharis as in Scolops. The parameres offer char- 
acters in Bhape and appearance that are constant for the species. 

Anal Plate. The tenth (X) abdominal segment constitutes a 
flattened, bilobed organ which has been designated as the anal plate. 
Attached to the eleventh (XI) segment is the telson (anal style) 
The anal plate is more or less bifid dorsad, folded somewhat vent- 
rally, forming a dorsal covering over the edeagus and parameres 
when the genitalia are not in use. This organ offers characters in 
outline that are of specific value, but fails to show group differences. 
(See PI. LXIII, Fig. 5.) 

SPECIES IN SYNONYMY. 

With a large series of specimens available for examination, repre- 
senting S. spurcus Uhler and S. desiccatus Uhler, it became increas- 
ingly difficult to determine the dividing line between the two. Nu- 
merous specimens were studied from north, south, east and west; 
and one extreme, represented by 8. spurcus, gradually graded over 
into the other, represented by S. desiccatus, when external characters 
were used. An examination of the male genitalia of a long series of 
specimens taken from both extremes disclosed no essential specific 
differences. It appeared that Uhler had described as two distinct 
species the extremes of a widely distributed species as represented 
by a brachypterous form from Texas and a macropterous form from 
Maryland. 

To carry the studies to their final conclusion, the types were se- 
cured from the National Museum. Uhler had made females holo- 
types; but along with these came males from the same localities as 
the types and of the same form, bearing determination labels in the 
same handwriting as that on the type labels. These male specimens 
Were prepared for study, and lateral views of the opened genitalia 
were drawn. When these drawings were compared they proved to 
be nearly identical. With the genitalia as a working base the species 
was studied in greater detail, and the following conclusions were 
reached: The species is a widely varying one, both as regards body 
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size and color density. The color pattern remains essentially the 
same as do the proportionate body measurements. The apparent 
size of the insect varies much, due partly to the appearance of a 
number of macropterous individuals and undersized brachypterous 
males. Certain specimens appear almost black, while others have a 
yellowish-grey appearance. A careful examination shows the differ- 
ence to be almost wholly a matter of color density, the pattern re- 
maining essentially the same. Scolops desiccatus then is a synonym 
of S. spur cm. 

About the time these studies were finished Mr. Z. P. Metcalf for- 
warded for study the holotype of his S. parvulus. When examined 
the genitalia of this specimen proved to be almost identical in every 
detail with those of S. spurcus Uhler and S. desiccatus Uhler. Since 
this specimen was a small brachypterous male, its actual body meas- 
urements would not agree with those givep by Uhler for spurcus, 
but the color pattern was essentially the same as were the compara- 
tive body measurements. When compared with the types of S. spur- 
cus and S. desiccatus, outside of being smaller in size, it displayed 
no essential specific differences. , It, too, is a synonym of S. spurcus 
Uhler. 

& spurcus Uhler must be a synonym of Germar’s pungens. The 
following arguments will be cited in support of the above conclusion: 
In describing pungens Germar gives its size as half that of Dicty- 
ophora pannonica Cruez. Specimens of D. pannonica were meas- 
ured, and it was found that the body length was about 12 mm., 
which would give S. pungens a body length of 6 mm., and Uhler gives 
5.5 to 6 mm. as the body length of S. spurcus. Germar states that S. 
pungens has “a slender, upturned stylus a little longer than half the 
length of the body, with the apex truncated." Such a description 
would fit the frontal process of Uhlcr's spurcus very well, and does 
not contradict his description in the least. The description of the 
thorax of S. pungens, while not so detailed, is essentially that of 8. 
spurcus. Yellowish is given as the ground color of S. pungens, which 
would more nearly fit S. desiccatus than S. spurcus. In describing 
the elytra of S. pungens, Germar states that they are “yellowish, 
with white and black points, the apical margin variegated with fus- 
cous.” Such a description would fit the elytra of either 8. spurcus or 
S. desiccatus. 

Kentucky was given as the type locality of S. pungens, and of the 
species known to occur there, the description of the process rules out 
*all but S. suLcipes Say and S. spurcus Uhler. Since the apical mar- 
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gins of the elytra of S. mlcipes cannot be considered as being varie- 
gated with fuscous, and the tip of the process cannot be considered 
truncated, in the sense that it is in S. spurcus, Germar certainly did 
not have S. sulcipes before him when he wrote his description. 

Fowler’s cockerelli is another species about which much uncer- 
tainty has existed. The original description means little or nothing. 
Fowler states that his description was based on a single female speci- 
men collected on the northern frontier of Mexico, but Mr. W. E. 
China, of the British Museum, finds that this specimen is a male. 
Specimens of the following species, which seemed to be close to S. 
cockerelli, namely, S. maculosus Ball, S. perdix Uhler, S. uhleri Ball, 
S. robustus Ball, S. snowi sp. n., and S. austrinus sp. n., were sent to 
Mr. China for comparison with the type. Mr. China very graci- 
ously made the comparisons requested, and in discussing his findings 
wrote: “S. cockerelli comes nearest to robustus, but the insect is 
broader across the base of the tegmina, and the cephalic process is 
longer and thicker than in robustus.” He also went to the trouble to 
prepare many drawings to illustrate the difference that existed be- 
tween the type of S. cockerelli and the species sent for comparison. 

Dr. F. H. Snow, while on one of his trips into the Southwest, col- 
lected many specimens of the insects in this and allied groups, among 
them two species of Scolops new to science and a good series of S. 
robustus, all of which were secured in Southern Arizona. An ex- 
amination of the specimens of S. robustus revealed that they varied* 
somewhat in size, and that the process became proportionately longer 
and stouter as the size increased. It was found that a somewhat 
similar variation occurred among the cotypes, but a careful study 
of the genitalia of specimens from the extremes removed any doubt 
about their not being the same species. 

A male specimen of this species, that seemed to represent the ex- 
treme in its large size, was found in the entomological collections of 
the Kansas State Agricultural College, bearing a simple label marked 
“Tex.” This specimen was compared with the cotypes of <S. robustus 
Ball, and although it presented no essential specific differences, it 
was thought that it might represent Fowler’s cockerelli. The geni- 
talia were found to be identical with those of a cotype specimen of 
robustus. A drawing of the lateral view of the genitalia was pre- 
pared and sent, together with the specimen, to Mr. .China, of the 
British Museum. Mr. China was kind enough to relax the type of 
cockerelli and to prepare a drawing of its genitalia from the same 
view. The drawings are doubtless of the same species. The few dif- 



438 


The Uffrntesmr Science Bulletin. 


ferences that exist are due to the fact that the type of 8* cockerelU 
was not subjected to the same treatment in preparation for study 
as had been used with the specimen from Texas. Mr. China 
very carefully compared the two specimens and summarised his find- 
ings. The differences that he found are immaterial, for the most 
part, since the present studies have shown that such can be expected 
to be found within the species. The following statements taken from 
his letter are important and worthy of record: “Genitalia very 
similar to those of 8 . cockerelU , but there are slight differences 
in the parameres. ... In coloring the two specimens are almost 
identical.” S . cockerelU then is a synonym of S. robmtus . 

Scolops fumidus (Uhler) exists m both the macropterous and bra- 
chypterous forms. The brachypterous form is small and distinctly 
oval in appearance, while the macropterous form is larger, with very 
long and widely flaring wings. It is evident from Uhler’s description 
that he had only brachypterous males before him while writing. 
Van Duzee's piceus must be a macropterous female of Uhler’s 
fumidus. There is so much difference in the size that the mistake 
was natural. Both brachypterous and macropterous specimens are 
before the writer. That both are -the same species there is no doubt. 
The macropterous female fits Van Duzee’s description, and the 
brachyterous male fits Uhler’s description, and both will fit either 
description very well. S . piceus Van Duzee then is a synonym of 
S. fumidus (Uhler). 

As a result of these studies the following species new to science 
have been added to the genus: S. pruinosus sp. n., S snowi sp n., 
S. austrinus sp. n., S. lundus sp. n., S. immanis sp. n., S flavidus 
sp. n., & stonei sp. n., and S. flavidus var. pellos var. n. 

These studies have also established the following synonymy: & 
parvulus Metcalf = S. desiccatus Uhler = S. spurcus Uhler = S . 
pungens Germar; S . cockerelU Fowler = S. robustus Ball; and S . 
piceus Van Duzee = S. fumidus Uhler. 

KEY TO THE SUBGENERA OF THE GENUS SCOLOPS 

PAG* 

A Fore and middle tibia; not folxaceous, not broader than those of hind legs Vertex 
and pronotum m same plane Eyes approximating pronotum Scolops Schaum, 429 
AA Fore and middle tibiae foliaceous Vertex above plane of pronotum Eyes distant 

from pronotum Belonoi harts Uhler, 448 
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SYSTEMATIC TREATMENT OF THE SUBGENUS SCOLOPS. 


KEY TO THE GENUS SCOLOPS . 


Not ». — Cephalic p roceaa long; a a long as front or longer, 
fourths m wide as vertex or wider when measured at sulcus. 


Cephalic proceaa stout; three* 


PACK 


A. Costa and costal cell of elytra with fuscous markings. 

B. Veins of corium concoiorous. 

C. Elytra with numerous cross -veins apically. 

D. Longitudinal veins margined with narrow, dark bands; cross-veins 

strong, numerous; cephalic process slender 8, aulctpee Say, 44$ 

DD> Longitudinal veins margined with fuscous dots m pairs; cross- 

veins weak, less numerous; cephalic process stout, 8. oabomi Ball, 442 
CC. Elytra without numerous cross-veins apically. 

E. Cephalic process slender, less than half as wide as vertex 
when measured at sulcus; fore and middle tibiae twice banded 

with blackish -fuscous ..8. auatnnua sp. n., 487 

EE. Cephalic process stout, three -fourths as wide as vertex when 
measured at sulcus; fore and middle tibiae not banded with 

fuscous 8. vanduze i Ball, 480 

BB. Veins of corium not concoiorous. 

F. Cephalic process long; form not robust. 

O. Cephalic process about one-haif as wide as vertex, 
sides parallel ; form elongate-oval ; color brown- 
ish 8. perdtx Uhler, 481 

GO. Cephalic process about three -fourths as wide as 
vertex, sides divergmgly curved posteriorly; form 
broadly oval; color greyish -testaceous to blackish. 

8. pungent Gerraar, 488 
FF. Cephalic process short; form robust. 

H. Median carma of front ending at sulcus; 
process not rugose, not inflated anteriorly. 

I. Cephalic process stout, as broad as ver- 
tex when measured at sulcus, eurved 
upward, sides converging anteriorly; 
color yellowish 8. heapenu « Uhler, 480 

* II. Cephalic process slender, less than 

three- fourths as wide as vertex when 
measured at sulcus, straight sides, 
nearly parallel; color fuscous. 

8 robvntu* Ball, 484 

HH. Median carma of front continuing on pro- 
cess to tip; process rugose, inflated ante- 
riorly. 

S. Veins of elytra prominently marked 
with blackish -fuscous; color, a rich 

brown S groasus Uhler., 445 

JJ. Veins of elytra nearly concoiorous, 
sometimes faintly marked with 
small whitish pomts; color, pale 
brownish to straw yellowish. 

S. tmmanis sp. n., 447 

AA. Costa and costal cell broadly whitish, unmarked. 

B. Veins of elytra ooncolorous 

C. Cephalic process long and stout, as wide as vertex when measured at 

sulcus. 

D. Process inflated anteriorly; longitudinal veins of elytra margined 

with faint fuscous hands S. bmdus sp. n.» 440 

I)D. Sides of process converging anteriorly; longitudinal veins of ely- 
tra not margined with fuscous bands. . . 8, flavidua sp* n., 441 
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CC. Cephalic process short and stout, not as wide as vertex when measured 
at sulcus. 

E. Elytra covered with a silvery piuinosity ; color light straw- 

yellow, faintly marked with fuscous 8 , prumowa sp. n , 436 

EE. Elytra, a dark reddish-brown; body pale yellowish, un- 
marked ; process of male very short and stout, that of female 

as m typical 8. fiavidua 8. fiavidua var. pellos var. n., 442 

BR. Veins of elytra not concolorous. 

F. Cephalic process long. 

O. Process slender, about two-thirds as wide as ver- 
tex when measured at sulcus, sides strictly parallel. 

H. Costa, the forks of cubitus, and the first 
anal vein broadly white, unmarked; form 

robust S. uhlert Ball, 444 

HH. Excepting costa, all veins of elytra marked 
alike with brownish -fuscous throughout; 

elongute-oval 8. stonei sp. n., 482 

GG. Piocess stout, three- fourths as wide as vertex 
when measured at sulcus, sides not parallel. 

I. Process parallel -margined, often slightly 
inflated at tip, elytra maculate with 
blackish -fuscous and white. 

( S. maculo«u8 Ball, 446 

II. Process tapering anteriorly, elytra red- 
dish brown S. mowi sp. n., 483 

FF. Cephalic process short. 

J. Color, light green; veins of elytra 
darker, alternately interrupted with 
, whitish; costa paler, greenish. 

S. vindi8 Ball, 486 

JJ. Color dark reddish - fuscous ; veins 
of elytra irregularly marked with 
fuscous; costa conspicuously 
* broadly white, S anquitatus Uhler, 430 


Scolops angustatus Uhler. 

(PI. LXIII, Figs. 6, 6a.) 

Uhler. Bui. U. S. Geol. Geog. Surv. : I, p. 860; 1876. 

Cephalic process very short, very slender ; form elongate-oval ; color a dark, 
rich, red/lish brown; costa broadly white, unmarked. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process short and slender, straight, shorter than front in ratio of seven to ten, 
narrower than vertex in ratio of one to three, sides parallel; tip truncate, 
polished. Vertex broad, somewhat convex, polished; caudal margin some- 
what carinate at extremities, median carina obsolete; lateral margins prom- 
inently carinate, convergingly curved till over sulcus, then continuing on 
process parallel to tip. Margins of front straight, converging anteriorly, ab- 
ruptly constricted to sulcus, then continuing on process parallel to tip; three 
carin© of front equally prominent, median carina ending at sulcus. Lateral 
margins of pronotum carinate, straight; submarginal carin© becoming obsolete 
anteriorly; caudal margin very broadly arcuated anteriorly, incised at center; 
central disc broader than long in ratio of four to three; lateral margins carinate, 
very broadly arcuated laterally, convergingly curved anteriorly; median carina 
proswfeient. Scutellum broader than long in ratio of nine to seven; lateral 
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margins of central disc carinate, median carina faintly indicated. Cubitus and 
media, forking unequally, both well removed apically from junction of second 
and third anal veins, median further back. 

Color Characteristics. Beneath, orange yellow, more or less uniformly in- 
fuscated; above, a rich, reddish brown. Vertex shining, a pair of blackish- 
fuscous spots anteriorly. Front and ventral compartments of process pale 
yellowish, lateral compartments of front irrorate with fuscous. Process dark 
brown laterally and dorsally, latero-dorsal carinae lightly yellowish. Pronotum 
lightly guttate with fuscous; a transverse series of six blackish-fuscous spots 
broadly arcuated anteriorly. A piceous-black spot between ventral extremity 
of postocular process and eye, none behind antenna, but another ventrad of 
center of epipleura. Scutellum guttate with fuscous, a pair of blackish indented 
points near apex of disc. Tegulae clouded with fuscous. Elytra usually a rich 
brown; veins lighter, interrupted with fuscous; costa broadly white, unmarked; 
a light area along the proximal branches of cubitus and media apically, radial 
cell darker. 

Length. From sulcus to tip of telson, male and female 6 mm.; process, 1 
to 13 mm.; greatest width, 2.6 to 3 mm. 

Specimens are before the writer from many parts of the United States. 

Locality Records. British Columbia, Colorado, Connecticut, Dakotas, 
District of Columbia, Florida, Georgia, Iowa, Indiana, Kansas, Louisiana, Mary- 
land, Massachusetts, Minnesota, Montana, Nebraska, New Jersey, New York, 
Ohio, Oregon . The names in italics are additional to those listed by Van 
Duzee.* 

Scolops perdix Uhler. 

(PI. LXIIT, Figs. 7, 7a.) 

Uhler. Trans. Md. Acad. Sci. : I, p. 405; 1900. 

Cephalic process long, very slender, straight; form elongate, elytra narrow, 
dearly parallel-sided; general color dark greyish- testaceous. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long and slender, as long as front, a little less than half as wide as 
vertex when measure at sulcus, parallel-margined. Vertex convex, shining; 
median carina wanting; caudal margin faintly carinate, straight; lateral 
margins carinate, prominent, straight, nearly parallel, abruptly converging till 
over sulcus, then continuing on process parallel to tip. Lateral margins of 
front carinate, straight, nearly parallel, abruptly constricted to sulcus and con- 
tinuing on process parallel to tip ; five carinae of front equally prominent, three 
middle carinae becoming obsolete before sulcus. Lateral margins of pronotum 
carinate, straight; submarginal carinae becoming obsolete anteriorly; caudal 
margin narrow Iv arcuated anteriorly, incised at center; central disc as broad 
as long; lateral margins carinate, nearly parallel, sinuate mesad near centers,’ 
convergingly rounded anteriorly; median carina present, acute. Scutellum 
broader than long in ratio of four to five, margins of central disc carinate, 
median carina indicated. Cubitus and media branching unequally, cubitus 
near junction of second and third anal veins, media farther back toward a{iex. 

Color Characteristics. Greyish-testaceous, darkly infuscated; elytra grey- 

— — — — — — 

* Van Dusee, E. P. Catalog of The Hemiptera ; II Homoptera. 
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ish-hy aline, veins whitish, sparingly marked with large blackish-fuscous spots, 
costal cell broadly whitish, but always a few fuscous spots on costa. Wings 
stocky to hyaline, veins darker. Beneath greyish-testaceous, guttate with 
brownish; fore and middle tibiae twice banded with brownish. Vertex shining, 
a dark crescentric spot anteriorly, interrupted in center. Front and lateral 
compartments of process pale yellowish, immaculate. Bides of pronotum it- 
rorate with blackish fuscous, a piceous-black indented spot each side of median 
carina on central disc. Scutellum guttate with blackish-fuscous laterally, a 
pair of piceous-black indented points apically. Tegulae darkly clouded with 
fuscous. A large piceous-black spot between ventral extremity of postocular 
process and eye, another behind each antenna, prolonged to postocular process, 
and a third ventrad of center of epipleura. 

Lbnoth. From sulcus to tip of telson, male and female 5.8 mm.; process, 
1j 6 to 2 mm.; greatest width 2.0 mm. 

Locality Records. Arizona, Colorado, District of Columbia, Florida , Illinois, 
Kansas, Maryland, Massachusetts, Mississippi, New Jersey, New York, North 
Carolina, South Carolina, Virginia. A fine series of specimens were present 
on which to base the redescnption. Italics indicates^ those locality records not 
listed by Van Duzee. The Arizona record is questionable and perhaps comes 
from the fact that S. snowi sp. n. has been called S. perdix Uhler. 

Scolops 8tonei sp. n. 

(PI. Lxm, *188. 8 , 8 a.) 

In many respects resembling S. uhleri Ball, but much leas robust, the elytra 
longer and narrower apically, which results in a more slender and apparently 
longer insect. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long and slender, longer than front m ratio of seven to five, two- 
thirds as wide as vertex when measured at sulcus, nearly parallel-margined, 
straight; tip truncate, polished. Vertex convex, narrow, highly polished; 
caudal margin faintly carinate, straight; lateral margins carinate, broadly 
arcuated laterally over eyes, prominently sinuate in front of eyes, then contin- 
uing on process nearly parallel to tip. Margins of front subparallel, carinate, 
sinuate slightly mesad between eyes, constricted somewhat to sulcus, con- 
tinuing on process diverging a little toward tip; five carinae equally prominent, 
median carina ending at sulcus. Lateral margins of pronotum carinate, 
straight; submarginal carinae becoming obsolete anteriorly; caudal margin 
prominently arcuated anteriorly, scarcely incised at center; central disc 
broader than long in ratio of seven to six; lateral margins carmate, straight, 
broadly converging anteriorly, median carma prominent. Scutellum broader 
than long in ratio of eight to seven, lateral margins of disc carinate, median 
carina nearly obsolete. Cubitus and media forking unequally, cubitus near 
junction of second and third anal veins, media well back toward apex 

Color Characteristics. Greenish-white, heavily marked with blackish- 
fuscous. Vertex shining, a blackish-fuscous crescent anteriorly, interrupted in 
center. Front and ventral compaitments of process pale, a little guttate with 
brownish; sides of process much darkened with blackish-Juecous, latero-dorsal 
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carina broadly whitish, a blackish -fuscous strip between. Sides of pronotum 
heavily guttate with blackish-fuscous, a large, round, piceous-black spot on 
central disc each side of median carina. Scutellum guttate with fuscous later* 
ally; central disc mostly pale, a pair of blackish indented points near apex. 
Tegul® darkly clouded with fuscous. Elytra heavily marked with blackish- 
fuscous; veins lighter, interrupted with blackish-fuscous points; costa broadly 
white, unmarked. A large, piceous-black spot between postocular process and 
eye, another behind each antenna prolonged to that between postocular pro- 
cess and eye, a third ventrad of center of epipleura represented only by inden- 
tation. Epipleur® heavily and darkly infuscated. Beneath guttate with fuscous. 
Fore and middle tibi® twice banded fuscous. 

Length. From sulcus to tip of telson, male 5.5 mm., female 6 mm.; pro- 
cess, male 2 mm , female 2.5 mm.; greatest width, male 2.3 mm., female 3 mm. 

Described from 24 specimens— 20 from Sanford, Fla, E. D. Ball; 2 from 
Biloxi, Miss., C. J. Drake; 1 from Wilmington, N. C., Osborn and Metcalf; 
and 1 from Georgia in the P. R. Uhler collection; 10 males and 8 females. 
Holotype, male; allotype and paratypes in the entomological collections of 
the University of Kansas, paratype No. 41,346 in the collections of the 
National Museum, paratype in the collection of Z. P. Metcalf, and paratypes 
in the collection of E. D. Ball. 

Scolops Bnowi sp. n, 

(PI. LXHI, Pigs, 9, 9a.) 

Resembling S. perdix Uhler, but lighter and more robust, with a longer and 
stouter process; elytra dark, fusco-hyaline, veins obsoletely and sparingly 
interrupted with whitish ; costal border broader and whiter, lacking the black- 
ish-fuscous flecks found in that species. 

Structural Characteristics. Head constricted behind eyes. Cephalic pro- 
cess long, slender, straight, five-sevenths as wide as vertex when measured at 
sulcus, longer than front in ratio of five to four, sides converging anteriorly; 
tip truncate, polished. Vertex somewhat convex; caudal margin carinate, 
straight; median carina nearly obsolete; lateral margins carinate, acute, arcu- 
ated laterally over eyes, sinuate m front of eyes, and continuing on process 
nearly parallel to tip. Margins of front converging anteriorly, sinuate mesad 
between eyes, abruptly constricted at sulcus, and continuing on process straight 
to tip ; five carin® equally prominent, median carina ending at sulcus. Lateral 
margins of pronotum carinate, slightly sinuate; submarginal carin® bending 
back and joining lateral margins of disc near posterior end; caudal margin 
broadly arcuated anteriorly; central disc broader than long in ratio of four to 
three; lateral margins carinate, slightly sinuate mesad; median carina promi- . 
nent. Scutellum broader than long in ratio of four to three; lateral margins 
of central disc carinate, median carina nearly obsolete. Cubitus add media 
forking unequally, cubitus near junction of second and third anal veins, media 
well back toward apex. 

Color Characteristics . Elytra dark, fusco-hyaline, veins obsoletely and 
sparingly interrupted with whitish, a large, blackish-fuscous spot just anterior 
to junction of cubitus and media, a row of blackish-fuscous spots on apical 
margins, costa broadly white, unmarked. Wings white to brownish, veins 
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darker. Beneath pale, yellowish-green, guttate with brownish ; fore a nd middle 
tibifiB twice banded with brown. Vertex shining, a dark crescentric spot an- 
teriorly, interrupted in center. Lateral compartments of front guttate with 
brownish,, those of process uniformly dark brown; central compartments of 
front and process pale yellowish, immaculate. Sides of pronotum somewhat 
granulose, guttate with blackish-fuscous; a small black spot each side of me- 
dian carina of central disc; another somewhat crescent-shaped, against each 
lateral margin on outer side next eye. Scuttellum guttate with brownish; a 
pair of small, blackish-fuscous points near apex. A prominent blackish-fus- 
cous spot between ventral extremity of postocular process and eye, another 
behind each antenna prolonged to postocular process, and a third ventrad of 
center of epipleura. 

Length. From sulcus to tip of telson, male 5 mm., female 6 mm.; process, 
1.7 mm.; greatest width, male 2.3 mm., female 3 mm. 

Described from 8 specimens from southern Arizona, F. H. Snow; and 4 
specimens from Logan canyon, Utah, 2 from Richfield, Utah, and 2 from 
Soldier, Utah, E. D. Ball; 10 males and 6 females. Holotype, male; allotype 
and paratypes deposited in the entomological collections of the University of 
Kansas; paratypes in the collection of E. D. Ball, t 

Scolops robustus Ball. 

(PI. LXIV, Figs. J, la.) 

Ball. Can. Ent. ; XXXI V, p. 160; 1002. 

Cockerelli Fowler. Biol. Centr. Am., Homop. : I, p 122; 1904; Omithissus. 

Body distinctly broadly oval, of a grayish-testaceous color; cephalic process 
very short and slender, about half as long as front and not over half as wide 
as vertex when measured at sulcus, tapering slightly anteriorly, straight. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process short, slender, straight; sides nearly parallel, constricted at immediate 
tip ; tip truncate, polished. Vertex very moderately convex, caudal margin not 
carinate, median carina obsolete; lateral margins carinate, acute, flattened 
laterally over eyes, abruptly constricted till over sulcus, then continuing on 
process nearly parallel to tip. Margins of front converging anteriorly, abruptly 
constricted to sulcus, continuing on process nearly parallel to tip; five carin© 
of front equally prominent, median carina ending at sulcus. Lateral margins 
of pronotum carinate, broadly rounded, submarginal carin© becoming obsolete 
anteriorly; caudal margin broadly arcuated anteriorly, very slightly incised 
at center; central disc broader than long in the ratio of four to three, lateral 
margins convergingly curved anteriorly, median carina prominent. Scutellum 
broader than long in ratio of five to three, lateral margins of central disc carin- 
ate, median carina usually obsolete or nearly so. Cubitus and media of corium 
usually forking equally near junction of second and third anal veins. 

Color Characteristic®. Greyish-testaceous above and below, more or less 
guttate with brownish; elytra yellowish-hyaline, irregularly marked with fus- 
cous blotches along veins; veins prominent, lighter, seldomly interrupted with 
blackish fuscous, conspicuously lighter anterior to forking of cubitus and me- 
dia; costal vein and cell mostly whitish, basal half of costal cell suffused with 
brown toward base ; wings whitish, diaphanous. Fore and middle tibi© banded 
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with fuscous. Vertex shining, a pair of small blackish spots anteriorly. Pro- 
cess greenish or smoky, the carinae pale. Lateral compartments of front and 
process guttate with brown which becomes denser and darker anteriorly, cen- 
tral compartments unmarked. Pronotum distinctly lighter, sides marked with 
blackish-fuscous spots, a large, round, pitch-black spot each side of median 
carina of central disc. Scutellum guttate with blackish-fuscous laterally, central 
disc pale yellowish, a pair of blackish indented points near apex. A small, 
round, blackish-fuscous spot between ventral extremity of postocular process 
and eye. Epipleura heavily guttate with blackish-fuscous. 

Length. From sulcus to tip of telson, male 4.3 to 4.6 mm., female 5.3 mm.; 
process, male 1 mm., female 1.15 mm.; greatest width, male 23 mm., female 
2.6 mm. 

The writer had before him specimens from Arizona, Colorado, Kansas, Ne- 
braska, Texas and Utah. To this list must be added Mexico, the type lo- 
cality of Fowler’s cocker elli. The only locality record listed by Van Duxee for 
Ball’s robustm is Colorado. The series of specimens used in writing this de- 
scription contained 6 cotype specimens of S. robustus Ball. Elsewhere in this 
paper the synonymy of these species has been adequately discussed. 

Scolops pruinosus sp. n. 

(Pi. LXIV, Figs. 2, 2a.) 

Resembling S. robustus Ball in form and somewhat in appearance, but larger 
and lighter, with a longer and stouter process, and covered with a distinct 
pruinosity that persists. 

Structural Characteristics. Head somewhat constricted behind eyes. 
Cephalic process short and stout, three-fourths as wide as vertex when measured 
at sulcus, shorter than front in ratio of eight to eleven, and tapering but 
slightly to tip; tip truncate, transversely carinate on dorsal margin. Vertex 
, slightly convex, shining; caudal margin straight, slightly carinate; median 
carina present, obtuse, sometimes appearing to extend as faint light line on 
process; lateral margins carinate, prominent, slightly arcuated laterally over 
ej'cs, sinuate m front of eyes, and continuing on process nearly parallel tip to 
tip; tip transversely carinate on dorsal margin. Margins of front subparallel, 
carinate, abruptly constricted to sulcus; five carin® equally prominent, median 
carina fading out at sulcus. Lateral margins of pronotum cannate, straight; 
submarginal carin® bending back to lateral margins of disc at centers; caudal 
margin broadly arcuated anteriorly ; central disc broader than long in ratio of 
four to three, lateral margins carinate, arcuated laterally, median carina 
prominent. Scutellum broader than long in ratio of five to three; margins of 
central disc carinate, median carina present. Cubitus and media forking about 
equally near junction of second and third anal veins, media** forking again 
before apex. 

Color Characteristics. Light straw yellow, faintly guttate wfth fuscous, 
elytra covered with a silvery pruinosity ; the large, round, pitch-black spots on 
disc of pronotum conspicuous; beneath, pale, guttage with faint brownish. 
Vertex shining, a blackish-fuscous spot -each side of median Carina anteriorly. 
Lateral compartments of front and process made darker by irregular patches 
and spots of blackish-fuscous, which increases in density toward tip of process, 
making it much darker laterally and anteriorly. Central compartments of 
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process pale, immaculate. Sides of pronotum irregularly marked with blackish* 
fuscous; a large, round, piceous-black spot on central disc each side of median 
carina, another of irregular shape against each lateral margin on outer side next 
eye. A pair of black, indented points near apex of scutellum; sides of acutel- 
lunf irregularly marked with blackish-fuscous. A prominent black spot between 
ventral extremity of postocular process and eye, another behind each antenna, 
and a third ventrad of center of epipleura. Veins of elytra conoolorous, mar- 
gined each side with faint, irregularly placed, fuscous spots, a row of fuscous 
dots on apical margin; costal border broadly white, unmarked. Fore and 
middle tibiae faintly twice banded with fuscous. 

Length. From sulcus to tip of telson, male 5.3 mm., female 7 mm.; process 
1.6 mm.; greatest width, male 2.6 mm., female 3.3 mm. 

Described from 7 specimens taken at Wray and Julesburg, Colo., E. D. Ball; 
2 males and 5 females. Holotype, male; allotype and paratypes deposited in 
the entomological collections of the University of Kansas, paratypes in the 
collection of E. D. Ball, and paratype in the collections of the Colorado State 
Agricultural College. The silvery pruinosity of this insect seems to be a unique 
character for the genus. 

Scolops viridis Ball. t 

(PI. LXIV, Figs. 8. 8a.) 

Ball. Can. Ent. : XXXIV, p. 149; 1902. 

Cephalic process long and very slender, parallel-margined; of much the 
same form as S. percOx Uhler, but larger; color light green, veins of elytra 
marked with pale smoky spots. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long and slender, a little longer than front and not more than half as 
wide as vertex when measured at sulcus, parallel-margined, sometimes ap- 
pearing a little inflated at tip; tip truncate, polished. Vertex broad, convex, 
polished; caudal margin faintly carinate, straight; lateral margins carinate, 
acute, nearly straight, subparallel, converging till over sulcus, then diverging 
a little and continuing on process parallel to tip. Margins of front nearly 
straight, subparallel, faintly carinate, abruptly constricted to sulcus and con- 
tinuing on process nearly parallel to tip; three middle carinae equally 
prominent, median carina ending at sulcus. Pronotum somewhat wrinkled, 
lateral margins faintly carinate, broadly rounded ; submarginal carinae becoming 
obsolete anteriorly; caudal margin broadly arcuated anteriorly, incised at cen- 
ter; central disc broader than long in ratio of four to three; lateral margins 
carinate, straight, converging a little anteriorly, median carina present, obtuse. 
Scutellum broader than long in ratio of four to three ; lateral margins of central 
disc carinate, median carina only indicated. Cubitus and media usually fork- 
ing about equally near junction of second and third anal veins. 

Color Characteristics. Light green, irrorate with smoky-fuscous; veins 
of elytra bright green, alternately interrupted with whitish and pale smoky- 
fuscous; costa very pale green, unmarked, A pair of black spots on disc of 
pronotum, another on scutellum apically. Wings whitish, diaphanous. 

Length. From sulcus to tip of telson, male 5 mm., female 5.6 mm. ; process 
16 to 2 mm.; greatest width 26 mm. 

Description based on numerous specimens from Colorado and Utah, includ- 
ing 5 cotypes. The Utah record is additional to that listed lby Van Dusee. 
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Scolops austrimu Bp. n. 

(PI. LXIV, Fid. 4, 4«.) 

Resembling 8. robuttue Ball somewhat in appearance, but lighter, and larger, 
with longer wings which results in a less globular appearance, and with a much 
longer process. 

Structural Characteristics. Head constricted behind eyes. Cephalic 
process long, slender, less than half as wide as vertex measured at sulcus, as 
long as front, parallel-sided, and usually bent upward; tip truncate, polished. 
Vertex convex, broad, highly polished; caudal margin slightly carinate at 
extremities; median c&rina obsolete; lateral margins carinate, prominent, 
arcuated laterally over eyes, prominently sinuate in front of 'eyes, and con- 
tinuing on process parallel to tip. Margins of front somewhat carinate, con- 
verging anteriorly, abruptly constricted to sulcus, continuing on process straight 
to tip; three carinse of front equally prominent, median carina of front con- 
tinuing beyond sulcus for a short distance. Lateral margins of pronotum 
carinate, straight; submarginal carinse bending back toward lateral margins of 
central disc; caudal margin broadly arcuated anteriorly, incised at center; 
central disc as broad as long; lateral margins carinate, broadly converging 
anteriorly, median carina prominent. Scutellum broader than long in ratio of 
five to three; central disc flat, lateral margins somewhat carinate, median 
carina absent. Cubitus and media forking somewhat unequally near junction 
of second and third anal veins, media before cubitus. 

Color Charactbristicb. Pale straw yellow or tarnished ivory, lightly guttate 
with brownish and sparingly marked with blackish-fuscous. Vertex glossy, a 
blackish-fuscous spot anteriorly, usually interrupted in center. Front and ven- 
tral compartments of process pale, nearly immaculate; lateroventral cariiue 
of process dark, broadly bordered with blackish-fuscous; latero-dorsal carinse 
broadly light, a blackish-fuscous strip between. Sides of pronotum heavily 
marked with blackish-fuscous; a large, round, piceous-black spot on central 
disc each side of median carina. Scutellum guttate with fuscous laterally; 
central disc pale, unmarked, except for pair of blackish indented points near 
apex. Tegulae clouded with fuscous. A large, piceous-black spot between 
postocular process and eye, another behind each antenna, prolonged to dark 
markings on pronotum, a third that varies in prominence ventrad in center of 
epipleura. Veins of elytra lighter, concolorous, usually margined each side with 
minute fuscous spots; apical areoles heavily marked with brownish. Wings 
fuscO-diaphanous, veins lighter. Fore and middle tibiae heavily twice banded 
with blackish-fuscous. 

Length. From sulcus to tip of telson, male 5 mm., female 0 mm.; process, 
male 1.15 mm., female 1.3 mm.; greatest width, male 2.0 mm., female 3 mm. 

Described from 5 specimens from Tucson, Ariz., F. H. Snow; 2 from Tucson, 
Ariz., C, N. Ainslie, in the collection of Herbert Osborn; and 9 from Nogales, 
Ariz., F. W. Nunenmacher, in the collection of W. J. Gerhard; 8 ifiales and 
8 females. Holotype, male ; allotype and paratypes deposited in the entomo- 
logical collections of the University of Kansas. Paratypes in the collections 
of Herbert Osborn and W. J. Gerhard. 
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Scolops pungens (Germar). 

(PI. LXIV, Figs. 6, 5a.) 

Germar. Thon's Ent. Archiv. : II, p. 47 ; 1830 ; Plata. 

Spurcu * Uhler. Trans. Md. Acad. Sci. : I, p. 403 ; 1900. 

Desiccatu* Uhler. Trans. Md. Acad. Sci. : I, p. 407 ; 1900. 

Parvulus Metcalf. JL Elisha Mitchell Sci. Soc.; XXXVIII, p. 175; 1928. 

Brachypterous form broadly oval ; macropterous form elongate, elytra nearly 
parallel-margined, flaring posteriorly; process long, stout, upturned; color, dull, 
smoky-whitish to greyish-testaceous, evenly peppered with dark fuscous points. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long, usually longer than front in ratio of six to five, stout, not more 
than three-fourths as wide as vertex when measured at sulcus, upturned, 
tapering gently toward tip. Vertex convex, shining; caudal margin not cari- 
nate; lateral margins carinate, prominent, arcuated laterally over eyes, sinuate 
in front of eyes, diverging till over sulcus, then converging again and continu- 
ing on process subparallel to tip; tip truncate, polished, transversely carinate 
on dorsal margin. Margins of front nearly straight, converging anteriorly, 
abruptly constricted to sulcus and continuing on process converging a little 
to tip; five carin© of front equally prominent, median carina ending at sulcus. 
Lateral margins of pronotum carinate, broadly rounding anteriorly; submar- 
ginal carin© becoming obsolete anteriorly; caudal margin broadly arcuated 
anteriorly, incised at center; central disc broader than long in ratio of four to 
three; lateral margins carinate, converging rapidly anteriorly; median carina 
present, prominent. Scutellum broader than long in ratio of four to three; 
lateral margins of central disc usually carinate, median carina sometimes 
present, usually indicated. Cubitus and media branching about equally near 
junction of second and third anal veins, media usually a little anterior to 
cubitus. 

Color Characteristics. Dull, smoky-whitish to greyish-testaceous, fresh 
specimens often showing greenish, evenly peppered above and below with 
minute, dark, fuscous flecks, which vary greatly in density, causing some 
specimens to appear almost black, others a solid yellow. Veins of elytra 
saddled with small fuscous markings of even distribution. Vertex shining, 
infuscated anteriorly, sometimes entirely darkened. Brownish marks on pro- 
notum increase in density laterally resulting in piceous-black callosities behind 
eyes. All geminate indentations present, pitch-black. 

Length. From sulcus to tip of telson, male 4.6 to 6 mm., female 5.3 to 6.3 
mm.; process, male 1.15 to 2 mm., female 1.6 to 2.3 mm.; greatest width, male 
2.3 to 3 mm., female 2.6 to 3.3 mm. 

The above description is based on a very long series of specimens from 
various parts of the United States and Mexico. The Mexican record consists 
in a specimen taken at Monterey, Mexico, in the entomological collections of 
the Illinois Natural History Survey. The synonymy of this species has been 
adequately discussed elsewhere. 

Locality Records. Colorado , District of Columbia, Florida, Illinois, Indiana, 
Iowa , Kansas, Kentucky, Louisiana, Maryland, Mexico, Mississippi, Missouri, 
Nebraska, New Jersey, North Carolina, North Dakota, Ohio, Pennsylvania , 
South Carolina, Texas, Wisconsin. Italics indicates locality records not listed 
by, Van Duzee. 
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Scolops hesperius TJhler. 

(PI. LXIV, Pigs. 6» 6*.) 

Uhler. Bui. U. 8. Qeol. Geog. Surv.: I, p f 840; 1876. 

Cephalic process short and very stout, tapering anteriorly, bent upward; 
form robust; color pale yellowish, veins of elytra dotted with fuscous. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process short and stout, shorter than front and as wide, or wider, than ver- 
tex when measured at sulcus. Vertex scarcely convex, slightly wrinkled, me- 
dian carina sometimes indicated; caudal margin faintly carinate, arcuated a 
little anteriorly; lateral margins prominently carinate, nearly straight, con- 
tinuing on process converging to tip. Lateral margins of front nearly straight, 
carinate, sinuate a little mesad between eyes, subparallel, constricted a little 
to sulcus, continuing on process converging a little toward tip; three median 
carin® of front equally prominent, median carina ending at sulcus. Pronotum 
granulose; lateral margins carinate, broadly rounded; submarginal carinae be- 
coming obsolete anteriorly; caudal margin broadly arcuated anteriorly, in- 
cised at center; central disc as broad as long; lateral margins carinate, nearly 
straight, sinuate a little mesad, converging anteriorly; median carina present, 
acute. Scutellum smooth, broader than long in ratio of three to two, lateral 
margins carinate, median carina usually indicated. Cubitus and media forking 
equally near junction of second and third anal veins. 

Color Characteristics. Pale yellowish, more or less tinged with fuscous; 
geminate indentations present, but uncolored; front and process pale yel- 
lowish, sometimes yellowish-green, unmarked; eyes usually reddish; legs longi- 
tudinally striped with fuscous ; pronotum and scutellum somewhat guttate with 
fuscous; veins of elytra dotted and spotted with fuscous; wings white. 

Length. From sulcus to tip of telson, male 6 mm., female 6.6 mm.; process, 
1.6 mm.; greatest width, 3 mm. 

# In describing this species specimens have been examined from California, 
Colorado, Kansas , Montana , North Dakota, South Dakota, and Texas. In ad- 
dition to this list Van Duzee adds Idaho. Italics indicate locality records not 
listed by Van Du zee. 

Scolops vanduzei Ball. 

(PI. LXIV, Figs. 7, 7a ) 

Ball. Can. Ent.: XXXIV, p. 150; 1902. 

Cephalic process long and very stout, bent upward; form broadly oval; 
color yellowish-testaceous, veins of elytra light, margined each side with nar- 
row nearly continuous fuscous stripes. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long and stout, as long as front and very nearly as wide as vertex when 
measured at sulcus. Vertex convex; median carina present, obtusq; caudal 
margin slightly carinate, straight; lateral margins carinate, acute, arcuated 
laterally over eyes and continuing on process converging a little toward tip; 
tip truncate, transversely carinate on dorsal margin. Lateral margins of front 
carinate, subparallel, constricted a little to sulcus, then continuing on process 
parallel to tip, abruptly converged at immediate tip; five carina of front 
equally prominent; median carina continuing on process to tip, faint. Pro- 
28-3341 
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notum a little granulose ; lateral margins carinate, broadly rounded ; submarginal 
carinas bending back to lateral margins of central disc caudad of centers; cau- 
dal margin broadly arcuated anteriorly, incised at center; central disc broader 
than long in ratio of four to three, lateral margins carinate, nearly straight, 
converging anteriorly; median carina present, acute. Scutellum broader than 
long in ratio of four to three; margins of central disc carinate, median carina 
only indicated. Cubitus and media forking unequally cubitus near junction 
of second and third anal veins, media usually a little farther back on corium. 

Color Characteristics. Yellowish-testaceous, a little guttate with fuscous. 
Vertex shining, a piceous-black crescentic spot anteriorly; a pair of small 
deeply indented points, piceous-black in color, on disc of pronotum, another 
on scutellum apically. A piceous-black spot between post ocular process and 
eye, another behind each antenna, minute, and a third ventrad of center of 
epipleura. Front pale yellowish, immaculate; lateral compartments of process 
guttate with blackish-fuscous which increases in density anteriorly. Legs longi- 
tudinally striped with fuscous. Veins of elytra concolorous, margined each side 
with narrow, nearly continuous stripes. Wings white, diaphanous. 

Length. From sulcus to tip of telson, male 5 mm., female 6 mm.; process, 
1.0 mm.; greatest width, 2.6 mm. t 

Description based on specimens from Colorado and Nebraska, including 4 
cotypes. A specimen from Colorado is unusually dark due to an increase in 
the density of the fuscous markings. The Colorado record is an addition to 
the record given by Van Duzee. 

S colops luridus sp. n. 

(PI LXV, Figh 1, la ) 

Resembling S. hesperius Uhler somewhat m form and appearance, but lighter 
and larger, distinctly lurid, nearly concolorous, a few dark markings in apical 
areas of elytra, and with a longer and stouter process. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long, as long as front, and as wide as vertex when measured at sulcus, 
straight, appearing somewhat inflated; tip truncate, polished. Vertex very 
slightly convex, finely wrinkled; caudal margin straight, carinate; median cari- 
nate; median carina present, obtuse; lateral margins carinate, acute very 
slightly arcuated laterally over eyes, sinuate in front of eyes, and continuing 
on process nearly parallel to tip. Margins of front somewhat carinate, nearly 
parallel, constricted somewhat to sulcus, diverging anteriorly on process and 
converging again near tip, producing an inflated appearance; three carinae 
equally prominent; median carina continuing on process nearly to tip. Lateral 
margins of pronotum somewhat carinate, straight; submarginal carinae bending 
back and joining lateral margins of central disc caudad of center; caudal mar- 
gin narrowly arcuated anteriorly, incised at center ; central disc nearly as broad 
as long; lateral margins carinate, nearly parallel, convergingly rounded an- 
teriorly; median carina prominent. Scutellum broader than long in ratio of 
three to two; margins of central disc carinate, median carina nearly obsolete. 
Cubitus and media forking about equally near junction of second and third 
anal veins. 

Color Characteristics. Brightly lurid above and below, very nearly con- 
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colorous, often with reddish or greenish casts, eyes distinctly reddish, veins 
of elytra concolorous, fuscous areas limited to faint, narrow bands bordering 
longitudinal veins and to apical areoles. Costa broadly white, unmarked. 
Wings smoky; veins dark, bordered with white. 

Length. From sulcus to tip of telson, male 6 mm., female 7 mm.; process, 
male 1.6 mm., female 2 mm.; greatest width, male 3 mm., female 3.3 mm. 

Described from 18 specimens mostly from Sumner county, Kansas, E. P, 
Breakey; and 2 from Biley county, Kansas, G. A. Dean; 14 males and 6 fe- 
males. Holotype, male; allotype and paratypes deposited in the entomo- 
logical collections of the University of Kansas, and paratypes in the entomo- 
logical collections of the Kansas State Agricultural College. The nearly con- 
colorous appearance of this species together with its lurid color, its large size, 
and inflated appearance of its process, ought to aid materially in its de- 
termination. 

Scolops flavidm sp. n. 

(PI. LXV, Figs. 2, 2a.) 

Of much the same appearance as S. luridus Breakey, but .smaller and lighter, 
with a long and stout proce s that tapers rapidly to the tip, giving it a pointed 
appearance. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long and stout, longer than front in ratio of six to five, three-fourths 
as wide as vertex when measured at sulcus, straight, sides converging rapidly 
to tip; tip narrowed almost to vertical, obtuse carina. Vertex nearly flat, very 
finely wrinkled; caudal margin straight, somewhat carinate; median carina 
scarcely visible; lateral margins carinate, acute, nearly straight, converging 
slightly anteriorly, flattened laterally over eyes, and continuing on process 
straight to tip. Margins of front carinate, nearly straight, constricted somewhat 
beyond sulcus, and continuing on process as rapidly converging, straight lines 
to tip; submarginal carinse paralleling those of margins to sulcus, then diverg- 
ing somewhat to tip; median carina becoming obsolete on process. Lateral 
margins of pronotum somewhat carinate, straight; submarginal carina be- 
coming obsolete anteriorly; caudal margin broadly arcuated anteriorly, in- 
cised at center; central disc broader than long in ratio of four to three; lateral 
margins carinate, nearly straight, broadly converging anteriorly, often slightly 
sinuate mesad in posterior half; a carina originating from each at this point, 
projecting mesad, and becoming obsolete near median keel. Scutellum broader 
than long in ratio of five to three; margins of central disc carinate, median 
carina nearly obsolete. Cubitus and media forking unequally, the points of 
branching forming an oblique line across corium with junction of the second 
and third anal veins. 

Color Characteristics. Pale yellow, almost completely devoid of darker* 
markings. The most nearly concolorous species yet known for the genus. 
Some specimens with a fuscous cloud near the origin of media and cubitus. 

Length. From sulcus to tip of telson, male 5.3 mm., female 6.3 mm.; pro- 
cess, male 1.6 mm., female 2 mm.; greatest width, male 3 mm., female 3.6 itlm. 

Described from 7 specimens from Eugene, Oregon, J. A. Hyslop, 4 males 
and 3 females, in the collection of Herbert Osborn. Allotype and paratypes in 
the entomological collections of the University of Kansas. 
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Scolops flavidus var. pelloa var. n. 

(PL LXV f Figs. 5, 5a.) 

Resembling 8 . flavidus Breakey somewhat in form, but smaller, and in gen- 
eral appearance darker, the pale yellowish body presenting a marked contrast 
to the dark, reddish-brown elytra. 

Structural Characteriibtics. Head not constricted behind eyes. Cephalic 
process of male short, shorter than front m ratio of two to three, stout, three- 
fourths as wide as vertex when measured at sulcus, straight; that of female 
long, longer than front in ratio of five to three; stout, very nearly as wide as 
vertex when measured at sulcus, straight. Vertex nearly flat; caudal margin 
carinate, straight ; median carina present, obtuse, continuing on process as light 
line; lateral margins carinate, acute, nearly straight, sinuate in front of eyes, 
continuing on process straight to tip, converging at immediate tip ; tip truncate, 
polished. Margins of front nearly straight, carinate, subparallel, somewhat 
sinuate between eyes, constricted slightly to sulcus, and continuing on process 
nearly parallel to tip. Lateral margins of pronotum somewhat carinate, broadly 
rounded, submarginal carin® becoming obsolete anteriorly; caudal margin 
broadly arcuated anteriorly, and incised at center. f Central disc very nearly 
as broad as long; lateral margins carinate, sinuate mesad in posterior half, 
a carina originating from each at this point, projecting mesad, and becoming 
obsolete near median keel. Scutellum broader than long in ratio of four to 
three, margins of central disc carinate, median carina nearly obsolete. Cubitus 
and media forking unequally, cubitus near junction of second and third anal 
veins, media farther back on corium. 

Color Characteristics. Body mostly of a bright, pale straw yellow; elytra 
of a bright, nearly uniform, reddish-brown; costa broadly yellowish-white, un- 
marked. Lateral and dorsal surfaces of process stained with reddish-brown, 
which increases in density anteriorly. Legs somewhat stained with reddish- 
brown. Wmgs uniformly whitish, diaphanous. 

Length. From sulcus to tip of telson, male 4.6 mm , female 5.3 mm.; pro- 
cess, male 1 mm., female 2 mm.; greatest width, male 2.6 mm., female 3 mm. 

Described from two specimens from Eugene, Ore., J. A. Hyslop, in the col- 
lection of Herbert Osborn. Holotype, male; holotype in the collection of 
Herbert Osborn, allotype in the entomological collections of the University of 
Kansas. The reddish-brown elytra of this insect on the bright, yellowish 
body, together with the marked structural differences in the process of the 
sexes, should aid materially in its determination. 

Scolops osborni Ball. 

(PI. LXV, Figs. 4, 4a.) 

Bail. Can Ent.: XXXIV, p. 147; 1902. 

Largest species of the genus ; form broadly oval ; color very pale yellowish ; 
cephalic process very long and stout, bent upward, and tapering anteriorly to 
a thick point. 

Structural Characteristics. Head constricted behind eyes. Cephalic 
process long and stotft, a little longer than front, as wide as vertex when 
measured at sulcus, and regularly tapering anteriorly. Vertex convex, slightly 
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winkled, median carina present, obtuse; caudal margin carinate straight; lat- 
eral margins carinate, prominent, arcuated a little laterally over eyes, con- 
tinuing on process converging to tip. Lateral margins of front straight, sub- 
parallel, constricted a little to sulcus and continuing on process, converging a 
little toward tip. Lateral margins of pronotum carinate, slightly sinuate 
mesad; submargmal carina becoming obsolete anteriorly; caudal margin 
broadly arcuated anteriorly, incised at center; central disc as broad as long, 
lateral margins carinate, sinuate mesad at centers, broadly rounding anteriorly, 
median carina present, acute. Scutellum broader than long in ratio of three to 
two; lateral margins of central disc cannate, carin© abruptly bent mesad and 
united anteriorly; median carina wanting. Veins of elytra doubly furcate, 
reticulations numerous apically. 

Color Characteristics. Elytra pale yellowish, veins concolorous, margined 
each side with regularly placed pairs of fuscous dots. Wings whitish, veins 
darker. Beneath yellowish, heavily infuscated. Fore and middle tibiae twice 
banded with blackish-fuscous. Front and process yellow, nearly immaculate; 
pronotum and scutellum yellowish, tinged with green, lightly infuscated; a 
lSrge pitch-black spot behind each eye of nearly same diameter as eye, a 
transverse series of four small pitch-black spots on scutellum, arcuated pos- 
teriorly. Tegul© infuscated. 

Length. From sulcus to tip of telson, male 7 mm., female 10 mm.; process, 
2.3 mm.; greatest width, 3.3 to 3.6 mm. 

Description based on a fine series of specimens from Kansas and Nebraska. 
In his original description of the species Ball records Ohio as a locality record. 
The Nebraska record is an addition to the records given by Van Duzee. 

Scolop8 sulcipes (Say). 

. (PI. LXV, Tig*. 8, 8a ) 

,Say. Jl. Acad. Nat. Sd Phila : IV, p. 885; 1825; Fvlgora. 

Cephalic process very long, upturned, tapering to a slender point; elytra 
densely reticulated apically; color grayish-testaceous to reddish-brown; veins 
of elytra lighter, margined each side with blackish-fuscous bands. 

Structural Characteristics. Head constricted behind eyes. Cephalic 
process long, longer than front in ratio of five to seven, nearly as wide as ver- 
tex when measured at sulcus, sides nearly straight and converging anteriorly to 
a slender point. Margins of front carinate, usually straight, subparallel; five 
carin© of front equally prominent, median carina ending at sulcus. Vertex 
scarcely convex, shining; caudal margin faintly carinate at extremities; lateral 
margins carinate, straight, converging anteriorly and continuing on process 
nearly straight to tip. Lateral margins of pronotum carinate, broadly rounded 
anteriorly; submarginal carin© becoming obsolete anteriorly; caudal margin 
arcuated narrowly anteriorly, incised at center; central disc narrow, a little 
more than three-fourths as broad as long, lateral margins carinate, nearly 
parallel, sinuate mesad near centers; median carina present, acute. Scutellum 
broader than long in ratio of five to three, margins of central disc carinate, 
median carina only indicated. Brachypterous form broadly oval; macropterous 
form elongate-oval, elytra nearly parallel-margined, flaring posteriorly. 

Color Characteristics. Heavily infuscated Above and below. Cephalic 
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process blackish-fuscous, carinse pale yellowish. A pair of blackish-fuscous 
points on vertex anteriorly, another on disc of pronotum, and a third apically 
on disc of scutellum. A large piceous-black callosity behind each eye, and a 
smaller one behind each antenna; piceous-black spots between postocular 
processes and eyes and ventrad of centers of epipleurse. Fore and middle 
tibiae twice banded with blackish-fuscous. Veins of elytra concolorous, mar- 
gined each side with blackish-fuscous bands. 

Length. From sulcus to tip of telson, male 4.6 to 6 mm., female 6-7 mm.; 
process, 1.6 to 2 mm.; greatest width, male 2.6 to 3 mm., female 3-4 mm. 

The above description is based on a very long series of specimens from the 
United States and Canada. 

Locality Records. Arizona, British Columbia , Colorado, Connecticut, Z>*s- 
Irict of Columbia, Florida, Illinois, Iowa, Kansas, Manitoba, Maine, Mary- 
land, Minnesota, Missouri, Nebraska, New Jersey, Now York, New Mexico, 
North Carolina, North Dakota, Ohio, Ontario, Oregon, Pennsylvania, Quebec, 
Rhode Island, Texas, Utah, Vermont, Washington, Wisconsin. Italics indicate 
locality records not listed by Van Duzee. 

Scolops uhleri Ball. ' 

(PI. LXV, Figs. 6, 6u ) 

Ball. Can Ent. : XXXIV, p. 148; 3902. 

Cephalic process very long, nearly half longer than front, parallel-margined, 
about half as wide as vertex when measured at sulcus; form robust; elytra 
short, broadly rounded apically; general coloring dark brown, longitudinally 
marked with whitish bars on elytra. 

Structural Characteristics. Head constricted behind eyes. Cephalic pro- 
cess long and slender, longer than front in ratio of seven to five, a little wider 
than vertex when measured at sulcus, parallel-margined; tip truncate, polished. 
Vertex convex, broad, highly polished; caudal margin not carinate; lateral 
margins crainate, arcuated laterally ever eyes, sinuate in front of eyes, continu- 
ing on process parallel to tip. Margins of front carinate, converging anteriorly, 
sinuate mesad between eyes, constricted somewhat to sulcus, continuing on 
process, diverging slightly toward tip, constricted at immediate tip; three 
carinae of front equally prominent, median carina ending at sulcus.. Pronotum 
very short, very broadly arcuated anteriorly; lateral margins faintly carinate, 
straij&t; submarine! carinae becoming absolete anteriorly; central disc 
broader than long in ratio of four to three; lateral margins carinate, converg- 
ing anteriorly, sinuate mesad, broadly rounding anteriorly; median carina 
prominent. Scutellum broader than long in ratio of three to two, lateral 
margins of disc carinate, median carina obsolete. Elytra broadly rounded 
apically; cubitus and media forking unequally, both well removed apically 
from junction of second and third anal veins, media further back. 

Color Characteristics. Beneath, pale soiled yellow; above, darker, longi- 
tudinally marked with whitish bars. Vertex shining, a blackish-fuscous cres- 
cent anteriorly, interrupted in center. Front and ventral compartments of 
process pale yellowish, a little guttate with fuscous; sides of process much 
darkened with blackish-fuscous; latoro-dorsal carinse broadly whitish, a dark 



Bbeakey: The Genus Scolops. 


445 


strip between. Sides of pronotum a little guttate with blackish-fuscous; a 
large, round, piceous-black spot on central disc each side of median carina. 
Scutellum guttate with fuscous, a pair of blackish indented points near apex 
of disc. Tegul® usually clouded with fuscous. Elytra mostly dark brown; 
costa and radius broadly white, unmarked; both branches of cubitus and 
third anal vein broadly white, unmarked; remaining veins broadly dark brown, 
interrupted with small whitish points. Ventral halves of epipleur® heavily 
infuscated. A piceous-black spot between postocular process and eye, a 
large one of irregular shape behind each antennae, prolonged dorsally, a third 
ventrad of centers of epipleur®. Beneath somewhat infuscated. 

Length. From sulcus to tip of telson, male 4.3 mm., female 5 mm.; pro- 
cess, male 2 mm., female 2.3 mm.; greatest width, male 2.3 mm., female 2.6 mm. 

The writer had before him specimens from Colorado and Utah, including 
4 type specimens. A specimen from Utah is very lightly colored, the fuscous 
markings being very dim, but the color pattern is typical of the species, 
and an examination of the genitalia definitely places it systematically. 

Locality Record. Arizona, Colorado, and Utah. At present the range 
of the species is limited to the Rocky Mountain states. 

Scolops grossus Uhler. 

CPI. LXVI, Firs. 2, 2a.) 

Uhler. Bui. U. S. Geol. Geo«. Surv. . I, p. Slid; 187G. 

Cephalic process very stout, rugose, heavily guttate with brownish; form 
robust; color a rich brown to yellowish; veins of elytra coarse, prominently 
marked with blackish fuscous. 

Structural Characteristics. Head somewhat constricted behind eyes. 
Cephalic process short and stout, shorter than front in ratio of five to six, very 
nearly as wide as vertex when measured at sulcus, somewhat inflated toward 
'tip, constricted at immediate tip, bent upward, rugose; tip prominently ver- 
tically carinate. Vortex nearly flat, rugose; caudal margin somewhat carinate, 
arcuated a little anteriorly; lateral margins carinate, flattened laterally over 
eyes, sinuate in front of eyen, diverged till over sulcus, continuing on process 
nearly parallel, then converged at immediate tip. Margins of front carinate; 
those of female subparallel, those of male converged anteriorly; sinuate mesad 
between eyes, constricted somewhat to sulcus, continuing on process diverging, 
then quickly constricted at tip, producing a decided inflated appearance, three 
cann® of front equally prominent, median carina continuing on process to 
tip. Pronotum rugose, the sides a little granulose, lateral margins somewhat 
carinate, nearly straight, submarginal carin® bending back toward lateral 
margins of central disc at posterior ends; caudal margin broadly arcuated 
anteriorly, incised at center; central disc broader than long in ratio of five to 
four; lateral margins carinate, straight, convergmgly rounded , anteriorly, 
median carina prominent. Scutellum broader than long in ratio of five to 
four; central disc flat, margins carinate, median carina present. Cubitus and 
media forking unequally, cubitus near junction of second and third anal veins, 
media farther back toward apex. 

Color Characteristics. Of a rich brown to yellowish. Front, process, ver- 
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tex, and pronotum heavily guttate with dark brown; scutellum and elytra 
clouded with dark brown; veins of elytra prominently marked With blackish 
fuscous; geminate indentations present, but inconspicuously colored. Be** 
neath, light brown, guttate with darker. Wings smoky brown, Veins darker. 

Length. From sulcus to tip of telson, male 4.6 mm., female 6.3 mm.; 
process, male 1.3 mm., female 2 mm.; greatest width, male 2Z mm., female 
3.3 mm. 

Specimens are before the writer from western Kansas, eastern Colorado and 
Texas. This species shows the greatest differences in the relative sizes of the 
sexes, and is conspicuous for its massive, rugose, dark-colored process. 

Locality Records. California, Colorado, Idaho, Kansas, New Jersey and 
Texas. Some of these records are questionable. It would be surprising if this 
species occurred in New Jersey, and the writer doubts the authenticity of the 
California record. 

Scolops maculosus Ball. 

PI. LXVI, Figs. 1, la). 

Ball. Can. Ent.: XXXIV, p. 148; 1902. 

Cephalic process long and very stout, bent upwhrd; form narrowly oval; 
elytra maculate with blackish-fuscous and whitish spots. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process long and stout, as long as front and as wide as vertex when measured 
at sulcus, usually parallel-margined, sometimes appearing a little inflated at 
tip. Vertex convex, shining, caudal margin not carinate; lateral margins 
carinate, acute, arcuated somewhat laterally over eyes, diverging till over 
sulcus, then converging again and continuing on process parallel to tip : Margins 
of front straight, somewhat carinate, converging anteriorly, constricted some- 
what to sulcus, then continuing on process parallel to tip ; three median carin© 
of front equally prominent, median carina ending at sulcus. Lateral margins 
of pronotum somewhat carinate, broadly rounded; submargined carin© be- 
coming obsolete anteriorly; caudal margin very broadly arcuated anteriorly; 
incised at center; central disc broader than long in ratio of four to three; 
lateral margins carinate, usually nearly straight, sometimes a little sinuate 
mesad pear centers, very broadly rounding anteriorly. Scutellum broader than 
long in ratio of eight to five; lateral margins of central disc carinate, median 
carina usually only indicated. Media and cubitus forking about equally near 
junction of second and third anal veins. ’ 

Color Characteristics. Greyish testaceous, guttate with blackish fuscous 
above and below, elytra maculate with blackish fuscous and whitish, costa 
broadly white, unmarked. Vertex shining, a blackish-fuscous crescentic spot 
anteriorly, often interrupted in the center. Front often greenish yellow, lateral 
compartments of front and process made darker by irregular patches and spots 
of blackish fuscous which increases in density toward tip of process, making 
it appear darker laterally and anteriorly; central compartments of front and 
process unmarked. Sides of pronotum irregularly marked with blackish fus- 
cous; a large, round piceous-black spot each side of median carina on central 
disc, another between postocular process and eye, a third behind each an- 
tenna, and a fourth ventrad of center of epipleura. Scutellum guttate with 
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blackish fuscous laterally, a pair of piceous-black spots on central disc apically. 
Tegulae almost black. Veins of elytra alternately interrupted with large black- 
ish-fuscous and whitish spots, a series of blackish-fuscous spots along apical 
margin. Wings smoky, veins darker. 

Length. From sulcus to tip of telson, male 4.0 mm., female 5 mm.; pro- 
cess, 1.6 mm.; greatest width, 2 to 2.3 mm. 

Description based on a good series of specimens from Colorado and New 
Mexico , including 5 cotypes. The New Mexican record is additional to that 
given by Van Duzee. 

Scolops immanis sp. n. 

(PI. LXVI, Figs. 8. 8a.) 

Resembling S. grossus Uhler, but of a less robust form, and lighter, elytra 
nearly concolorous, the veins lacking the prominent, dark fuscous markings so 
characteristic of that species. 

Structural Characteristics. Head not constricted behind eyes. Cephalic 
process short and stout, shorter than front in ratio of four to five, six-sevenths 
as wide as vertex when measured at sulcus, inflated toward tip, constricted 
at immediate tip, and 'bent upward; rugose; tip prominently vertically cari- 
nate. Vertex nearly flat, rugose ; caudal margin somewhat carinate, arcuated a 
little anteriorly; lateral margins carinate, nearly straight, flattened laterally 
over eyes, sinuate in front of eyes, diverging until over sulcus, then converging 
again toward tip. Margins of front faintly carinate, subparallel, sinuate me- 
sad between eyes, constricted somewhat to sulcus, continuing on process, di- 
verging, then quickly converged at tip, producing a decided inflated appear- 
ance; three carinse of front equally prominent, median carina continuing on 
process to tip. Pronotum rugose ; lateral margins somewhat carinate, straight, 
submarginal carinse bending back toward lateral margins of central disc at 
posterior ends; caudal margin narrowly arcuated anteriorly, incised at center; 
central disc as broad as long; lateral margins carinate, straight, convergingly 
rounded anteriorly, median carina prominent. Scutellum broader than long 
in ratio of four to three, smooth; central disc slightly concave, margins cari- 
nate, median carina present. Cubitus and media forking on oblique line with 
junction of second and third anal veins, cubitus further apically. 

Color Characteristics. Pale brownish to straw yellow. Front, process, 
vertex, and pronotum greenish. Heavily guttate with dark brown. Scutellum 
clouded with green and brown. Geminate indentations mostly wanting, only 
those ventrad of centers of epipleur® present. Beneath, light brown, guttate 
with darker; legs heavily guttate with green and brown. Elytra pale brownish, 
unmarked; veins nearly concolorous, unmarked on male, but sparingly in- 
terrupted with minute whitish points on female. Wings diaphanous, veins 
darker. 

Length. From sulcus to tip of telson, male 5 mm, female 63 mm.; process, 
male 13 mm., female 1.6 mm.; greatest width, male 2.4 mm., female 3 mm. 

Described from 1 male and 2 females from Scott county, Kansas, R. H. Bea- 
mer. Holotype, male; allotype and paratype deposited in the entomological 
collections, University of Kansas. 
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SYSTEMATIC TREATMENT OF SUBGENUS BELONO- 

CHARL S. 

Subgenus Belonocharis Uhler. 

Uhler Trans Md Acad Sci . I, p 145; 1891 

In describing this group as a genus Uhler named many characters 
that are not generic, and failed, for the most part, to point out those 
that could be relied upon to identify the group. Opinions differ 
greatly as to the amount of variation necessary to warrant the erec- 
tion of a genus. At present the writer doesn’t think that the species 
now known to belong in this group display enough essential dif- 
ferences to warrant their complete separation from the genus Scolops. 
The principal ways in which these insects differ from Scolops are as 
follows: The plane of the vertex is above that of the pronotum, the 
eyes are distant from the pronotum, the fore and middle tibiae are 
foliaceous, and the genitalia of the males show* distinct differences 
in structure, as will be seen from an examination of the accompany- 
ing drawings. That these insects possess simpler structures than 
those of Scolops is shown by the greater simplicity of the male gen- 
italia, and the fact that media is .seldom branched before the apex 
The following species are recognized as belonging to this group: 
S. jumidus (Uhler) , S. palltdus Uhler, and abnormis Ball. 

KEY TO THE SUBGENES BELONOCHARIS 

PAOK 

A Cephalic process slender, less than thiee- fourths as wide as veitex when mcasuied 
at sulcus tapeimg antenoily, latero-dorsal caunai broadly white 
B Ground cjIoi black, media usually foiking before apex of clavus 

S jumuluH Uhler, 448 

BB Ground color pale yellowish, media rarel> forking before apex of c lav us 

S pal lulus Uhlei, 449 

AA Cephalic process stout, as wide, oi vwdci, than vertex when measured at sulcus, 

inflated all caiinse daik brownish S abnormis Ball, 450 

Scolops jumidus (Uhler). 

(PI LXVI, Figs 4, 4a ) 

Uhler Trans Md Acad Sci I, p 140, 1891, Bdonochans 
Piceua Van Duaee Tians San Diego boc Nat Hist , II, p 85; 1914 

Piceous black, marked with whitish; cephalic process slender and tapering; 
brachypterous form broadly oval, macropterous form much larger, wings 
broadly flaring posteriorly. 

ST»pc*rtmAi# Characteristics Head constricted behind eyes, eyes distant 
ftftyftl pronotum Cephalic process as long as front or longer, three-fifths as 
&s vertex when measured at sulcus, bent upward and tapenng anteriorly. 
Vertex slightly convex, shining ; caudal margin very faintly cannate, straight ; 
lateral margins very prominently cannatc, nearly straight, converging an- 
teriorly, sinuate mesad m front of eyes, then broadly flattened laterally over 
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sulcus, and continuing on process convergingly straight to tip. Front very 
broad, much narrowed anteriorly; lateral margins carinate, nearly straight, 
abruptly constricted to sulcus, then continuing on process subparallel to tip; 
five carin® equally prominent, median carina becoming obsolete near sulcus, 
reappearing again near tip. Pronotum rugose ; lateral margins carinate, broadly 
rounded; submarginal carinse becoming obsolete anteriorly; caudal margin 
broadly arcuated anteriorly, incised at center; central disc broader than Jong 
in ratio of four to three; lateral margins carinate, sinuate mesad at centers, 
broadly rounded anteriorly; median carina present, acute. Scutellum broader 
than long in ratio of seven to five; central disc somewhat concave, lateral 
margins slightly carinate, median carina obsolete. Media and cubitus forking 
unequally, cubitus near junction of second and third anal veins, media farther 
back apical ly. 

Color C h aractbristics . Black, marked with whitish; elytra uniformly 
smoky hyaline, excepting costa which is much darker. Beneath guttate with 
whitish. Cephalic process piceous black, latero-dorsal and latero-ventral carinse 
broadly whitish. Vertex piceous black, shining. Pronotum and tegulae macu- 
late with whitish. Disc of scutellum broadly whitish mesally and anteriorly. 
Front broadly whitish ventraUy, guttate with whitish anteriorly. 

Length. From sulcus to tip of telson, male 4 mm., female 5.6 mm.; process, 
1 to 1.3 mm.; greatest width, male 2.3 mm., female 3 mm. 

Description based on specimens from California collected and loaned by 
Dr. E. D. Ball. A discussion of the synonymy of this species occurs elsewhere 
in this paper. 

Scolops pallidus Uhler. 

(PI. LXVI, Figs 5 , 5a ) 

Uhler, Tians. Md. Arad, fin . I, p. 404 ; 1900. 

Pale yellowish gray, more or less marked with fuscous; cephalic process long 
and slender, tapering somewhat anteriorly, usually bent upward; form narrowly 
oval. 

Structural Characteristics. Head constricted behind eyes, eyes distant 
from pronotum. Cephalic process longer than front, two-thirds as wide as 
vertex when measured at sulcus, bent upward and tapering somewhat an- 
teriorly. Vertex nearly flat, somewhat rugose; caudal margin faintly carinate, 
straight; lateral margin prominently carinate, acute, straight, converging till 
over sulcus, then continuing on process subparallel to tip; five carin® of front 
equally prominent, median carina becoming obsolete before sulcus. Pronotum 
rugose, lateral margins carinate, broadly rounded ; submarginal carmse bending 
back to lateral margins of central disc near centers; caudal margin narrowly 
arcuated anteporly, scarcely incised at center. Scutellum broader than long 
in ratio of seven to five; central disc somewhat concave, lateral margins 
carinate, median carina wanting, a pair of large, round, indented points 
apically. Media not forking before apex, cubitus forking before junction of 
second and third anal veins. 

Color Characteristics. Pale yellowish gray, more or less infuscated; elytra 
almost white, the veins usually dotted with fuscous in various degrees of dark- 
ness, a fuscous cloud or two apically. Cephalic process blackish fuscous, latero- 
dorsal carin© broadly whitish. Vertex heavily infuscated. Pronotum more or 
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leas maculate with blackish fuscous, Scutellum pale yellowish gray, guttate 
with blackish fuscous laterally, a pair of large, round fuscous spots apically. 
JVoijyt and ventral compartments of process pale yellowish, usually guttate with 
fuscous. 

Length. From sulcus to tip of telson, male 4.6 mm., female 53 mm.; 
process, 1.6 to 2 mm.; greatest width, male 2.3 mm., female 2.6 mm. 

Description based on specimens from California, Colorado, Mexico, and 
Utah. Van Duzee questions the Colorado and Utah records. Specimens from 
both places have been studied and that they represent this species is without 
question. The specimens from Colorado were taken at Rifle, which is on the 
western slope of the mountains. 

Scolops abnormis Ball. 

(PI. LXVI, Figs. 8, 6a.) 

Ball. Can. Ent.: XXXIV, p. 149; 1902. 

Pale yellowish, guttate with fuscous; cephalic process long and very stout, 
inflated, bent upward; form broadly oval. 

Structural Characteristics. Head constricted Dehind eyes, eyes distant 
from pronotum. Cephalic process longer than front, as wide as vertex when 
measured at sulcus, or wider, bent upward and inflated somewhat anteriorly. 
Vertex nearly flat, rugose; caudal margin not carinate, median carina some- 
times present; lateral margins very prominently carinate, straight, nearly 
parallel, continuing on process convergingly straight to tip. Front slender, 
narrowed anteriorly; lateral margins carinate, straight, constricted a little to 
sulcus, then continuing on process, diverging a little toward tip, abruptly con- 
verged at immediate tip; five carin® of front equally prominent, median 
carina becoming obsolete before sulcus. Pronotum rugose; lateral margins 
carinate, broadly rounded ; submarginal carin® bending back to lateral margins 
of central disc ceudad of centers; caudal margin broadly arcuated anteriorly, 
scarcely incised at center; central disc broader than long in ratio of four to 
three, lateral margins carinate, nearly straight, converging anteriorly; median 
carina present, acute. Scutellum broader than long in ratio of four to three ; , 
central disc somewhat copcave, lateral margins carinate, roundly converged 
anteriorly, median carina wanting. Media not forking before apex, cubitus 
forking near junction of second and third anal veins. 

Color Characteristics. Pale greyish testaceous, body more or less guttate 
with browish; elytra pale yellowish white, the veins usually dotted and spotted 
with blackish fuscous, often unmarked. Cephalic process brown, with smill, 
light macul&tions. Vertex infuscated; a pair of indented points on dise of 
pronotum, another on scutellum apically, colored to various degrees of dark- 
ness, Front pale yellowish, unmarked. 

Length. From sulcus to tip of telson, male 5 mm., female 5.6 mm.; pro- 
cess, male 1j6 mm., female 2.6 mm.; greatest width, male 23 mm., female 3 mm. 

Description based on a fine series of specimens from California, Washington 
and Oregon . This species displays a great variation in the density of the fus- 
cous markings, some specimens appearing to be nearly concolorous. Italics in- 
dicates locality records not listed bv Van Duzee. 
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INTRODUCTION. 

HISTORICAL SKETCH. 

O SBORN (l), in 1887, was the first to associate the character- 
istic spotting on Chenopodium album with the leaf hopper, 
Eutettix strobi Fitch. He considered the reddish injury on the plant 
a natural protection to the reddish nymphs of this species. Brunner 
(2), in 1891, stated that this species was “very partial’' to Cheno- 
podium album and described its injury. Forbes and Hart (31, noted 
that “ it causes the dark purple spotting often seen on the leaves of 
lamb’s-quarter, and probably a similar discoloration common on 

* Submitted to the Department of Entomology and the faculty of the Graduate School of 
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beet leaves.” Ball (4), in 1907, stated that the nymphs live on 
lamb’s-quarter, where their punctures cause purple spots on the 
leaves. He found there were two broods in a season, adults appear- 
ing in June and again in August. Fenton (5), in 1924, described 
the injury as a series of distinct crimson-colored spots more or less 
circular in outline, the tissue of the leaf being convex in the dis- 
colored area. Spotting was found to be more distinct on the lower 
side where the areas were concave. The spots were located at any 
point on the leaf that might become confluent. The margin of the 
affected leaves curled under and the plants became stunted and 
dwarfed. His attempts to rear a third generation in 1920 failed. 
Lawson (6), in 1920, reported this species producing purple spots 
on Chenopodium in a widely distributed area in the state of Kansas, 

METHODS OF STUDY. 

This study on the life history and spotting habits of Eutettix che- 
nopodii Osborn, formerly called Eutettix strobi (Fitch), extended 
from May 28 to September 15, 1926. Both adults and nymphs of 
the first generation were observed in the vicinity of the University 
of Kansas, chiefly on lamb’s-qjiarter ( Chenopodium album L.), 
which grew abundantly along the Kansas river. 

Observations were made from specimens collected and reared on 
various plants in the insectary. Daily records were kept, and in 
some instances two or three observations were made within a twenty- 
four hour period. 

Lamb’s-quarter, pigweed ( Amaranthus hybridus and A. blitoides) 
and purslane plants (Portulaca oleracea) were secured from locali- 
ties free from Eutettix chenopodtii. All other plants used were grown 
from seed. 

An attempt was. made to rear Scaphoidem nymphs found on the 
same plants and under the same conditions as Eutettix chenopodii, 
but these all proved unsuccessful. Evidently these nymphs, while 
livjng sometimes on the same hosts, obtain their food from other 
plants, as all that were started in the insectary died within a few 
days. 

In the study of the injury produced on the leaves of the host 
jtf&Kts, the greatest of care was exerted in order to avoid any pos- 
sible infestation of healthy plants from infected ones. Controls were 
run along with each host plant used, and in no case did these reveal 
spotting or signs of curling. 
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LIFE HISTORY NOTES, 

DESCRIPTION OF SPECIES. 

Dr. P. B. Lawson, in his paper on the Cicadellid© of Kansas, gives 
the following description of this species: 

“Form: Length, 4.5 to 525 mm. Vertex one-fourth longer on middle than 
next the eye, two add one-half times as wide as long, with a faint transverse 
depression, and broadly rounded apically. Pronotum over twice as wide as 
long, lateral margins rather short. Elytra moderately long. 

“Color: Vertex, pronotum and scutellum varying from yellowish irrorate 
with brown to reddish brown. Elytra usually milky white with bands of brown 
at base, and across apical half of clavus. Frequently these bands are so run 
together as to give the entire elytra a brownish appearance. Face the color 
of the vertex. 

“External genitalia : Female, last ventral segment long, lateral angle broadly 
rounding, posterior margin notched on either side of a small median notched 
lobe which gives the appearance of two median teeth; pygofers broad, nearly 
or quite equalling the ovipositor, sparsely spined. Male, valve broad, rounded 
posteriorly; plates broad basally, then rapidly narrowed, ending in elongate 
filamentous tips which exceed the pygofers. 

“Internal male genitalia: Styles large, triangular, broad basally, terminal 
process slightly convex on mesal margin, posteriorly straight on outer margin; 
connective very stout, Y-shaped, arms about equalling the basally broadened 
stem; cedagus with a wide, dorsal process to anal tube membrane, terminal 
portion composed of a broad median straplike and terminally bifid process and 
a pair of lateral narrower and acutely pointed processes/' 

DISTRIBUTION. 

' Specimens have been examined from Massachusetts, Connecticut 
(Britton), New York (Van Duzee), Niagara, Canada (Osborn), 
Pennsylvania (Wirtner), Ohio (Osborn), Iowa (Osborn, Ball), Mis- 
souri (Heid. coll., Osborn coll.), Nebraska (Bruner), Kansas (Snow, 
Crev.), Colorado (Gill., Ball), Utah (Ball), Texas (College Station, 
Sanderson; Victoria, U. S., N. M.) 

Chenopodium album is a native of Europe and is introduced every- 
where in this country. Undoubtedly the distribution of this insect is 
limited only by the range of this plant. 

This species is one of the most widely distributed of the leaf hop- 
pers in Kansas. Dr. P. B. Lawson has noted them in eighteen coun-* 
ties across the state. The writer has observed many of them,, also, in 
two more counties, Wyandotte and Leavenworth. 

HOSTS. 

This species may be found on a number of hosts. Lamb's-quarter 
(Chenopodium album) is its normal host, but* it will live and pro- 
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duce the some results on beet (Beta vulgaris), and chard (Beta vul *■ 
gam, var. dda) and pigweed (Amaranthus hybridue and A, bUtoi- 
des). In the field, nymphs have also been observed spotting purs- 
lane (PortuLaca oleracea) and wormseed (Chenopodmm ambrosi- 
oides var. a nthelminticum) . In the insectary, the insect was reared 
on all the above plants except the wormseed Observations m the 
field revealed the characteristic markings also on another pigweed 
( Amaranthus retroflexus) and peppergrass (Lepidvum virgimcum). 

HIBERNATION. 

Nymphs m the third, fourth and fifth instars were observed in 
the field as late as September 15. In all probability, all of those that 
emerged as adults were the ones to overwinter. It is thought they 
overwinter under grass and leaves on the ground. 

MATING AND OVIPOSITION. 

In producing a third generation, seventy-six pairs of mated adults 
were caged on the various host plants (charts 1-5) The period of 
copulation varied from forty minutes to two hours and forty min- 
utes. One pair of adults was observed to mate within a few hours 
of their emergence into the adult stage Adults mated but once 
Ovipositing was watched both in the field and in the insectary and 
the following observations made: 



CHART I —Mated adults on beet (Beta tidgaru) 
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CHART 13 — Mated adults on chard ( Beta n dgaru var Ctda) 
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CHART IY —Mated adults on ragweed {A 
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CHART V — Mated adults on purslane (Portvlaca oUraced) 
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Observations on Eg g Laying. The eggs are inserted in the 
tissues of the upper surface of the leaf, just under the epidermis. 
The female slowly creeps to the edge of the leaf and places her front 
pair of legs, one on one side of the leaf and the other on the opposite 
side just a short distance past the edge. After placing the beak on 
the edge of the leaf to brace herself firmly, the body is bent so as to 
bring the tip of the abdomen down, with the ovipositor just touching 
the surface of the leaf. The inner valves of the ovipositor are then 
unsheathed from the outer ones and by a sawing movement a small 
slit is made in the epidermis. By grasping the leaf more firmly with 
the hind legs, the ovipositor is inserted its whole length into the 
opening already made. The egg passes between the valves of the 
ovipositor into the small chamber made for it, and the ovipositor is 
withdrawn and again sheathed. She may repeat this process in a 
few seconds or may wait several hours. 

Position of the Eggs. From 30 to 120 seconds are usually con- 
sumed in placing one egg. Most of this time is used in preparing the 
chamber. The eggs have no special arrangement. Sometimes they 
are in rows, but usually they are placed singly and irregularly, al- 
though they may touch each other at the ends. However, each egg 
is placed in a separate puncture. They may be placed anywhere on 
the flat surface of the leaf as well as near the edge. Observations on 
beet and chard revealed eggs and egg punctures quite numerously at 
the base and the petiole in preference to the leaf edge. 

. Number of Eggs. The largest number of eggs from one female 
adult was forty-three and the smallest number was one. Only 
twenty-six pairs of the mated adults produced eggs. The number of 
eggs in one leaf varied from one to eighteen according to the size of 
the leaf. The average number of eggs that hatched from twenty- 
four pairs of adults was fourteen. One hundred forty-six eggs were 
laid on beet leaves and forty on lamb’s-quarter. Eggs were found 
on all of the hosts with the exception of purslane. 

Effect of Oviposition on the Leaves. Oviposition affects the 
leaves but slightly. The small punctures or egg chambers turn white 
or yellow, but otherwise the leaf grows naturally and appears nor* 
mal, unless it is quite small and has very many punctures made in it. 

Preoviposition Period. From chart 6 the preoviposition period, 
the length of the egg stage, and the number of eggs hatched may be 
obtained. 


30-3341 
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CHART 6.— Showing the length by days of preovipoution period, length of egg 
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From thirty-one mated adults the average length of the preovi- 
position period on all host plants was 8.4 days. The shortest period 
was three days, and the longest period twenty-six days. This period 
was the shortest on beet and the longest on lamb’s quarter. 

Incubation Period. The time required for the incubation of the 
eggs in the same brood averaged 8.6 days for the eggs from twenty 
pairs of adults. The shortest incubation period was four days, the 
longest eleven days. Incubation was completed most quickly, aver- 
aging 6.5 days, on lamb’s quarter. Ten days were required on pig- 
weed. 

Emergence from the Egg. From one to twelve minutes are con- 
sumed by the nymphs while emerging from the egg. The head ap- 
pears first at the tiny opening in the epidermis of the leaf made when 
the egg was inserted. This is followed by part of the body which 
sways forward, backward, and sideways every few seconds with 
brief rest periods in between. Gradually more of the body appears. 
The first pair of legs are soon dried. As soon as the second pair be- 
comes visible, the nymph widens the angle of swaying, continuing 
this motion until the first two pairs of legs rest on the surface of 
the leaf. After firmly securing a foothold, the rest of the body is 
pulled from the egg with several hard tugs. As soon as completely 
dry, which is only a few seconds, these small nymphs are able to 
hop about from one leaf to another. When walking about on a leaf, 
they frequently go sideways, somewhat similar to a crab. 

NYMPHS. 

Length of Nymphal Life. During their nymphal life, these leaf 
hoppers molted five times and became adults in thirty-one days in 
the second generation and thirty-four days in the third generation. 
Of the eleven individuals of the third generation becoming adults, 
the average nymphal period was but thirty-two days. (Chart 7.) 
In the second generation, the shortest nymphal stage observed was 
twenty days and the longest forty-six days, while in the third gen- 
eration this stage varied from twenty-five to forty-four days. Chart 
8 shows the records and average length of each instar, the tendency 
being for the life of the instar to lengthen progressively with the age 
of the nymph. 
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CHABT 8.—Leofth of iootoKi of third fonemtion. 
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* Starred numbers indicate time of death. 


Description of the Nymphs. The first nymphs were a deep 
red color when fully developed and expanded, with small white 
markings and many white dots 'covering the body. As they grew 
larger and older, they became lighter in color, some of the fifth in- 
stars being almost pink. The terminal abdominal segment was 
usually pink in all instars. The red eyes and almost transparent 
legs and antenna; were constant throughout the nymphal life. 

The first three instars bore metathoracic set®. The first instar 
showed set® on the last two abdominal segments only, the second 
instar showing them on seven segments of the abdomen, and the 
third instar showing not only the abdominal set® but also the en- 
larged mesothoracic wing pads. 

The fourth and fifth instars did not have metathoracic set®, but 
did show the abdominal spines. In the fourth instar both the meso- 
thoracic and metathoracic wing pads were apparent. In the fifth 
instar the wing pads extended to the fourth abdominal segment. 

DESCRIPTION OF EGG AND NYMPHAL INSTARS. 

Average individuals were selected for the descriptions of the 
various instars. 

Egg. Length, 1 mm.; width, 0.25 mm. Elongate and slightly 
curved, the anterior end being somewhat less rounded. Color, light 
yellow, almost white at first; just before hatching becoming a deeper 
yellow; eye spots distinct two to three days before hatching. 
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First Instar. Length, 1 mm.; width, 1.25 mm. Antennae 2.25 
mm., elongate white. Two metathoracic spines and four spines on 
each of last two abdominal segments white. Color, deep reddish 
purple, with many small white spots; eyes, brick red. 

Second Instar. Length, 1.5 mm. ; width, 15 mm. Four spines on 
last seven abdominal segments, two near the middle line, two follow- 
ing the lateral line. Mesothoracic wing pads evident; body long 
and narrow. Color, brick red, with increase of white spots, usually 
a narrow white band down middorsal line; last abdominal segment 
pale pink. 

Third Instar. Length, 2.5 mm.; width, 0.75 mm. Abdominal 
spines present; mesothoracic wing pads covering first abdominal 
segment. Color, similar to second instar with enlargement of white 
spots ; caudal edge of each abdominal segment showing white band. 

Fourth Instar. Length, 3 mm.; width, 1.25 mm. Metathoracic 
spines absent. Spines present on second and third pair of legs; 
abdominal segments with spines; mesothoracic and metathoracic 
wing pads covering first two abdominal segments. Color, abdomen 
darker red than third instar; thorax, pink. 

Fifth Instar. Length, 4 mm.; width, 1.5 mm. Metathoracic 
spines absent. Wing pads extending to fourth abdominal segment. 
Color, dorsally pale pink, becoming darker caudally on lateral por- 
tions of first five abdominal segments ; wing pads white. Ventrally 
thorax darker than abdomen, latter in the first three segments white, 
last three pale pink. 

ADULTS. 

Male, length 4.5 mm.; width, 1.5 mm. Female, length 4.9 mm.; 
width 1.4 mm. The sexes cannot only be distinguished one from 
the other by their size, but also by their color. Both adults are 
typically brownish white in appearance, but the male shows the 
darker color of the two. Both the face and the vertex are of a pale 
yellow color. 

Number of Broods. There are three broods in a season. (Chart 
9.) The nymphs of the first generation appear in early April. 
Adults of this generation were found in the field the first of June. 
From these, two more generations were reared in the insectary, the 
adults of the second generation appearing the middle of July and of 
the third generation the middle of August. The adults of the third 
generation were placed in hibernating cages in the early part of 
September. 
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Adults were never observed mating more than onoe. They were 
long-lived, one adult living from the middle of June until the middle 
of August. Both the nymphs and adults are found on the underside 
of the leaves, sometimes three or four on one leaf. Molting occurs 
also on the underside of the leaves where the molted skins are at- 
tached firmly. Plants growing in the direct sunlight are more apt 
to be infested than those in the shade. 


CHART 9 — Showing the tune of year m which eggs nymphs and adults of eaeh generation appear 


Number of generation 

Eggs 

Nymphs 

Adults 

First 

April 5 to April 15 

April 11 to May 31 

May 31 to June 10 

Sooond 

June 10 to June 20 

June 20 to July 15 

July 15 

Third 

July 16 to July 26 

July 26 to September 2 

September 2 


STUDIES IN SPOTTING. 

CHARACTER OF SPOTTING. 

The puncture of Eutettix cherCopodii on Chenopodium album and 
the other host plants produces crimson-colored spots. These are 
usually round in outline, especially when first made. They soon 
become wrinkled and raised; that is, the leaf tissue from above 
grows convex and from below concave. On the under surface of the 
leaf the color is somewhat lighter. 

Location of Spots on Leaves. The spots may occur anywhere 
on the surface of the leaf depending upon the feeding of the nymph. 
They do not follow the venation of the leaf, and very pretty patterns 
are sometimes made by the nymphs as they gradually move in 
circles or lines across the surface. 

Often the spots run together and cover a large part or even all 
of a leaf, both small and large ones often becoming entirely red 
This is quite characteristic on pigweed and small Chenopodium 
album plants. 

Cubling of Leaves. The margin of the affected leaves usually 
curls under and sometimes the whole leaf rolls up. Unless the plant 
is vigorous before becoming infected, it will be stunted. On young 
plants in the insectary, curling and stunting is very noticeable, and 
a number of the plants die from this cause. The time elapsing on 
chard leaves between the first curling and the final rolling up of 
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the leaf is eight days. Curling of leaves is followed by the gradual 
loss of the green color and the death of the leaf. 

Stems of plants were sometimes affected, especially at the nodes. 

Nymphs kept in vials were given fresh lamb’s-quarter or pigweed 
daily. Spots were discernible the following day, although they were 
sometimes faint. Nymphs reared on entire plants made spots that 
were easily visible the following day. Faintness of the coloring in 
the first instance was due probably to the fact that the leaves were 
drying out in the vials. If many spots appeared on one leaf, at a 
time, they usually were small and about the size of a pin point. 

LIFE HISTORY AND SPOTTING. 

An attempt was made to discover the effect upon the leaves by 
the various instars. Each nymph ps soon as hatched was placed in 
a small vial with a cotton stopper. Daily observations were made 
of the nature and the number of spots. Fresh leaves were fed the 
nymphs daily, also. All nymphs reaching the fifth instar were caged 
on potted plants to allow more freedom. 

Two hundred individuals were started. From chart 10 it was 
found that from 111 individuals living through the first instar, 30 
spotted the leaves with an average of 6.7 spots for each individual. 
In 5 cases the spots developed during the first twenty-four hours 
after being fed upon by the insect. It is of interest to note that 8 
individuals lived through the first instar without producing any 
spots, although they were often noticed feeding. 

Seventy-eight individuals lived through the second instar, with 
47 of them spotting the leaf, an average of 12.6 spots to each. Again 
5 individuals spotted the leaves during the first twenty-four hours 
of incubation, while 31 failed to produce any spots at all. 

The average number of spots per individual produced in the third 
instar was increased to 24.4 each, with 39 out of 52 individuals 
spotting, and 13 apparently having no effect upon the leaves. 

A decrease in the average number of spots by each individual was 
discovered in the fourth instar, the average being only 21.1 spots in 
each individual. This may be explained by the fact that all of the 
nymphs that spotted failed to live through the instar, 31 spotting 
and but 26 living through this instar. Eight nymphs spotted leaves 
during the first twenty-four hours. 

An increase developed during the fifth instar, even though more 
individuals produced spotting than lived through the instar, the 
numbers being 17 to 11. However, these averaged 64.1 spots to 
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each nymph, with five spotting the leaf during the first twenty-four 
hours. 

From these observations, it is evident that the ability to spot the 
leaves increases with the age of the nymph. Also the per cent of 
individuals causing injury and living through each instar increased 
with the age of the instar. 

ADULTS AND SPOTTING. 

One adult was caged on a beet plant from the first of June until 
the middle of August without spotting. Forty-six mated pairs of 
adults on beet, chard, lamb’s-quarter and purslane for from four to 
eight weeks failed to show any spots. This would prove that the 
injury results from the nymphal stages entirely. 


CHART 10.— Summary of spots made during each instar. 
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CHART 11.— Summary of spots made during each instar. 


• 

First 
instar. < 

Second 

instar. 

Third 

instar. 

Fourth 

instar. 


Total number of anats in oaah instar 
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80 
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* Where many spots appeared. 
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EXPLANATION OF PLATES. 


PLATE LXVII 

Fig. 1. Egg. 

Fig. 2. Top of leaf showing position of egg. 

Fig. 3. Edge of leaf showing position of egg. 

Fig. 4. Leaf showing twelve eggs. 

Fig 5. Upper part of lamb’s-quarter plant, badly infested. 
Fig 6 Leaf showing spotting and curling. 

Fig. 7. First instar. 

Fig. 8. Second instar. 

Fig. 9. Thud instar. 

Fia. 10. Fourth instar. 

Fig. 11. Fifth instar. 

Fig. 12. Adult female. 

Fig. 13. Adult male. 
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Further Studies on the Reaction of Opalina to Various 
Laboratory Culture Media. 

MARY E. LARSON and FRED W. ALLEN, Jr , Deportment of Zoology, University 

of Kansas 

INTRODUCTION. 

T HE possibility of growing a parasite outside of its normal host 
is of the utmost importance in order to study that parasite and 
to determine its life cycle. During the last twenty years a large num- 
ber of papers have appeared in which this phase of parasitological 
research has been emphasized. The technique and culture media 
have been improved to such an extent that the time does not seem 
far distant when all pathogenic protozoa can be grown outside of 
the host. 

The intestinal flagellates of various animals, including man, have 
very readily responded to such treatment, and the first published 
reports deal more or less with this class of single-celled animals. 
About 1910 Dock and Bass successfully cultured the malarial para- 
site, but it was not until 1925 that the very interesting and import- 
ant pathogenic sarcodine, Endamceba histolytica (dysenteries) was 
grown in an artificial medium by Boeck and Drbohlav (’25, 3). So 
successful was the culturing of this ameba on an especially prepared 
medium that the cultures in the first series of experiments retained 
their pathogenicity for seven months and more. The or ganisms 
were subcultured every forty-eight hours, and at the end of the 
seven months kittens inoculated with these amebas soon developed 
serious amebiasis. Different species of the parasitic ciliates have 
also been cultured. There is only one ciliate, Balantidium coli, 
pathogenic to man, and it has been reported as being successfully 
cultured. It is interesting to note that parasitic protozoa represent- 
ing all classes of the phylum have finally been induced to grow and 
multiply on artificial media. 
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Methods and material. 

For some time in the Zoology Department at the University of 
Kansas some attention has been given to the study of the ciliate, 
Opalina obtrigonoidea, parasitic in the cloaca of the common leopard 
frog, Ram pipiens. In this series of experiments 166 Rand pipiens 
were examined, and of these 80 proved to be heavily enough para- 
sitized for use. 

A paper published by one of us (Larson ’28, 6) contains a com- 
plete account of how the opalinas were obtained, how the media were 
made up, and how the cultures were prepared and examined. The 
same technique was followed in this series, and so the details will 
not be repeated. 

It will suffice to mention that it is very necessary to use well 
sterilized culture dishes, instruments, etc. It is of the utmost im- 
portance to use care in handling these organisms in order to avoid 
contamination. < 

Several of the media used in the previous experiments were modi- 
fied, and therefore those details will be explained. The media most 
often modified were Cleveland’s, Putter’s, Locke’s and Ringer’s. To 
75 cc. of Putter’s fluid was added 25 cc. of blood serum, or 90 cc. of 
the first and 10 cc. of the second. Loeffler’s blood serum was used, 
and was made up by using one gram of the dry powder to 100 cc. of 
distilled water heated to 42° C. Putter’s fluid was also modified by 
adding 250 milligrams of dextrose to 250 cc. of the medium. The 
main constituent of Putter’s medium is Rochelle salts and this was 
added to Locke’s in the same proportion as given in the original 
formula for Putter's fluid. 

Locke’s and Putter’s were also modified by the addition of egg 
albtimen. To the well beaten white of one egg, 500 cc. of either 
medium was added and kept in a hot-water bath for 30 minutes. 
This preparation should be stirred occasionally and then filtered. 
Some cultures were set up somewhat differently from those reported 
in the previous paper, smce in these experiments the entire absence 
of the cloacal wall and cloacal content was desired. All of these 
cultures correspond to those called “clear” in the previous experi- 
ments. The number of cultures made from the opalinas in one 
cloaca was dependent upon the relative number present. In short, 
each culture dish contained the medium and the opalinas free from 
fecal material, and most of the bacteria. The number of bacteria 
present can be very much reduced by passing the opalinas through 
several changes of the medium. This can easily be done by trans- 
ferring the parasite from dish to dish by means of a capillary pipette. 
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DISCUSSION. 

•As suggested in the introduction, all classes of protozoa have 
been successfully cultured, nevertheless less work has been done on 
the ciliates than on any of the others. That was the first thing 
considered when Opalina obtrigonoidea was chosen for these experi- 
ments; secondly, this parasite is fairly easy to secure. A con- 
tinuous supply of material is a very important factor in any line 
of investigation. 

In the published paper (Larson, ’28, 6), “Reaction of Opalinas to 
Various Laboratory Culture Media,” the following conclusions were 
arrived at: (1) Opalina obtrigonoidea can be maintained outside 
of the host for various lengths of time, depending upon the culture 
medium used. (2) Putter’s fluid is the best of the culture fluids 
not having blood serum in the original formula. (3) Of the more 
common laboratory media Locke’s fluid is best, with a 33% per cent 
sea water a close second. (4) Of all the media tried in this series 
of experiments, a modified serum-saline-citrate proved to be the 
best for keeping opalinas in process of division and growth outside 
of their normal host. (5) Any one of the common laboratory media 
will probably prove to be more effective if serum is added. (6) 
When culturing with a fluid which does not contain blood serum, a 
piece of cloacal wall materially helps to increase the longevity of 
the opalinas in the culture. 

. Because of the efficacy of Cleveland’s solution of serum-saline- 
citrate, it was decided to try adding blood serum or egg-albumen to 
some of the other laboratory maintaining fluids such as Locke’s and 
Ringer’s, also Putter’s. Putter’s fluid was developed by the German 
investigator, Putter, in 1905, and has proven to be an excellent main- 
taining medium for opalinas. It was developed for the specific 
purpose of “growing opalinas.” The food supply for these organisms 
is undoubtedly one of the prime factors entering into the problem. 
Allowing the cloacal content to remain in the culture seems to cause 
eventually too rapid a multiplication of bacteria. Our first work 
brought out conclusively the fact that the culture lived longest when 
there was none or very little of the cloacal content present but with 
a piece of the cloacal wall in it. 

The addition of egg albumen or blood serum in certain definitely 
worked out proportions materially increased the longevity of the 
opalinas. This fact makes subculturing more simple because one 
is not dependent upon a supply of fresh cloacal wall when replenish- 
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ing the medium in the mass cultures or in making new cultured from 
tile original ones. The following summary shows the results ob- 


tained. 

Increase in kra* 

Medium gevityv m hours. 

Putter’s (90 cc.) and blood serum (10 cc.) 72 

Putter’s and egg albumen 48 

Locke’s and egg albumen 24 

Locke’s (90 cc.) and blood serum (10 cc.) 24 

Putter’s and dextrose None 

Ringer’s and blood serum None 

Ringer’s and egg albumen None 


These are the results from mass cultures where no subculturing 
was done. Fresh medium was occasionally added because there was 
some evaporation, in spite of the fact that the culture dishes were 
always covered. 

In Putter’s fluid the opalinas maintained, themselves in mass cul- 
tures and without subculturing for sixty-six hours. The addition of 
the blood serum increased the maintaining power of the medium 
seventy-two hours. In Locke’s fluid the opalinas lived sixty hours, 
but with the addition of the blcjod serum to the medium its main- 
taining power was increased. For further details concerning other 
experiments with which comparisons are made in this table the 
reader is referred to an earlier paper (Larson ’28, 3). 

We regret that at present it is impossible to give a table of meas- 
urements for the individual opalinas after fission in the culture 
medium. (We expect to clear up this matter in the near future.) 
That would answer the question: Had there been actual growth of 
the daughter opalina after division? We felt that there must have 
been some increase in the total bulk of opalina protoplasm. We 
made numerous observations on opalinas in the process of fission and 
were quite confident that, owing to the favorable condition of the cul- 
tures, especially those that were maintained so long by subculturing, 
the opalinas which had divided some hours previously were not 
noticeably smaller than opalinas which had not divided. 

Some cultures were subcultered every second or third day. This 
was more or less dependent upon the condition of the culture. The 
following sample protocols will serve as illustrations for a great 
number of experiments worked out in the course of this investigation. 

A. Putter’s medium (90 cc.) and serum (10 cc ). 

March 9, original culture divided into six cultures. 

March 11, each culture was subdivided. 

March 13, each culture w$us subdivided. 

March 15, each culture was subdivided. 
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On March IS culture C of this sense of six cultures was in excellent 
condition, and division had been so rapid that on this date it wpe 
divided into four new cultures with fresh medium added. The fol- 
lowing is a history of these cultures: 

I. Subcultured March 21. All opalinas dead March 23. 

II. Not subcultured. Almost all opaim&s dead March 23. Culture 
was destroyed 

III. Subcultured March 20, 22, 24. Almost all opalinas dead March 

24. Culture was destroyed. 

IV. Subcultured March 23, 25, 27. On the 29th so few opalinas were 

living that the culture was destroyed. 

B Piitter — Egg medium. 

Four cultures made from original culture April 7. 

Each culture had the following history: Subcultured April 9, 12, 14, 
16, 18, 19, 23, 25. 

On April 14 the C culture of these four cultures was so loaded with 
opalinas that three new cultures were put together m fresh medium 
and this culture lasted until April 30. 

In all of these experiments where subculturing was done, it is 
understood to mean the transfer of all the opalinas by a capillary 
pipette from the old culture medium into a well sterilized watch 
glass filled with fresh medium of the kind used in the set. 

An interesting condition was noticed in one set of cultures where 
a modified Cleveland's medium had been used. This modification 
was a 0.1 per cent of sodium citrate instead of 1 per cent as used by 
Cleveland. The rate of fission was apparently stimulated to an 
abnormal degree. In the springtime the division of opalinas is 
fiormally quite rapid, and it was in that season that these conditions 
were observed, but this division was very different from all other 
divisions which we observed macroscopically. Before the parent 
opalina had completed its fission each of the daughter opalinas had 
begun division. This peculiar condition was carried to such an 
extreme that the dividing opalinas presented the appearance of a 
ball composed of eight or more individuals, none of them completely 
separated. In some cases they looked like the spokes of a wheel, 
radiating from a common center. Someone not acquainted with the 
cultures might have called these dividing opalinas colonial protozoa. 
We hope to be able to repeat this experiment and to arrive at some 
conclusion concerning the exact cause of this peculiar condition. 

It has been considered very important by several investigators 
that the media used for maintaining opalinas be made oxygen-free or 
nearly so. We found it possible, however, *to grow opalinas fairly 
successfully without removing the oxygen from the media. Several 
of the media were boiled in the process of preparation, all media 
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were kept tightly corked, all cultures well covered, and special pre- 
cautions were taken in making the transfers. This tended toward 
eliminating oxygen. 

Dr. A. A. Schaeffer, of the Department of Zoology at the Uni- 
versity of Kansas, offered many helpful suggestions during the 
course of these experiments. 

CONCLUSIONS. 

1. The addition of egg albumen or blood serum to any of the 
more generally used laboratory media will increase considerably the 
maintaining power of the media. 

2. Putter’s medium with the addition of blood serum was found 
to be the best maintaining fluid. The addition of the egg albumen 
did not apparently increase its powers for longevity to such a great 
extent as the serum, but it did increase it beyond straight Putter’s. 

3. The maintaining power of Locke’s npedium is increased several 
hours by the addition of blood serum or egg albumen. 

4. The addition of either egg albumen or blood serum does away 
with the necessity of retaining the cloacal wall or content in the cul- 
ture. This undoubtedly reduces the bacterial count, a very neces- 
sary factor to consider in any kind of culture work. 

5. Subculturing the opalinas makes it possible to keep a culture 
a month or more for study. It is best to subculture systematically 
every 24 to 48 hours, depending upon the condition of the culture. 
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A Study of the Parasites of the Digestive Tract of 
Thirty-five Dogs. 

C RUTH SHAW, Depaitment of Zoologj 

INTRODUCTION. 

T HE purpose of this paper is to give a survey of the incidence of 
parasitism in the digestive tract of a random selection of thirty- 
five dogs from this locality. It is of considerable importance in 
the field of parasitology to have as complete a record as possible of 
the parasites of all animals in a given locality. All of these dogs 
had been used previously for experimentation, but in no case had 
the digestive tract been disturbed. Arrangements were made so 
that it was possible to make examination of the tract immediately 
after the death of the animal. 

It is surprising how many parasites are harbored by the dog. 
'There are clinical records of cases where children have actually 
contracted helminthiasis, as the result of playing with an infested 
pet dog. The larval stage of a very common dog tapewom, Dipy- 
lidtium caninum, develops within the flea or louse which is so 
thoroughly “at home” on the dog. The accidental ingestion of such 
an infected flea or louse by a dog or man results in the development 
of the adult tapeworm in the individual ingesting the flea or louse. 
This particular tapeworm has been reported (Hall T5, 3) from an 
astonishingly large number of persons in the United States. The 
majority of such, and similar infections, have been in children. 

The writer is greatly indebted to the Department of Physiology 
of the University of Kansas for the supply of material nee'ded. All 
dogs were obtained through them. 

Miss Mary E. Larson, assistant professor of zoology of the Uni- 
versity of Kansas, was of great assistance in making this study. 
Her suggestions were of great value, and are greatly appreciated. 
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LITERATURE. 

To the literature on this subject of parasites of the digestive tract 
of the dog Maurice C. Hall, of the Zoological Division, of the 
Bureau of Animal Industry of the United States Department of 
Agriculture, at Washington, D. C., has been the foremost contribu- 
tor. Dr. B. M. Underhill, in his book entitled “Parasites and 
Parasitosis of Domestic Animals.” sets forth in good form a valu- 
able classification and brief discussions of the various parasites. 
Many other books and bulletins contain material on this subject, 
though they are not specially devoted to this field of parasitology. 

METHOD OF PROCEDURE. 

After the dogs had been killed by excessive etherization the 
digestive tracts were removed and immediately dropped into normal 
saline solution. The material was thus kept in excellent condition 
until it was possible for the examination to be made. Generally, 
examination was made within the next hour or so. In order to 
examine the tract carefully it was taken from the normal saline 
and placed on a dissecting tray. Then, beginning at the posterior 
end (the lower portion of the large intestine) the tract was slit 
lengthwise. After laying the digestive canal open, the intestinal con- 
tents were removed and examined. The walls of the tract were 
scraped with a scalpel. All macroscopic animal life was removed by 
the use of forceps and placed in normal sajine for subsequent killing 
and fixing with corrosive sublimate. After the parasites had been 
fixed they were placed in seventy per cent alcohol with iodine (the 
iodine was used to remove the excess of the sublimate) for twenty- 
four hours. The forms were then preserved in seventy per cent alco- 
hol for further examination and identification. It was often possible 
to make further observations as to the condition of the dogs intern- 
ally and externally. 

DISCUSSION. 

The macroscopic parasites found during the examination of the 
digestive tract of thirty-five dogs were tapeworms, hookworms, eel- 
worms and whipworms. Tapeworms and hookworms were very 
frequent, while the eelworms and whipworms, were not so often 
found. Following is a table showing the number and per cent of 
the total number of dogs infected by each of the different types of 
parasites: 
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Common name of 
ptruite. 

TanAVArms 

Number of dog* 
sxrfecUd. 

29 

Per cent of doge 
infected. 

83 

TT <virlrwnrn)Ki 

29 

83 

TCo)tpr>rm« . 


14 

Whipworms 

4 

U 


It is evident that tapeworms and hookworms were both present in 
the greater portion of the dogs, but hookworms were not always 
•present if the dog had tapeworms, or tapeworms always present if 
the dog had hookworms. The following table shows how frequently 
some of the different types were found in the same host: 


Parasites found m the - , , , 

same host. infected. infected. 

Tapeworms and hookworms 18 51.43 

Tapeworms, hookworms and eel worms. . . 5 14.29 

Tapeworms, hookworms and whipworms, 3 8.57 

Hookworms and whipworms 1 2.86 

Hookworms (only) 2 5.71 

Tapeworms (only) 3 8.57 

No parasites 3 8.57 


Number of dogs Per cent of dogs 
infected. infected. 


As to the identification of these various forms little difficulty was 
encountered except in that of the tapeworms. In determining the 
genus and species of each form B. M. Underhill’s book of 1920, 
“Parasites and Parasitosis of the Domestic Animals,” was found to 
be exceedingly helpful. 

The hookworm, which occurred so frequently, was of the species 
Ankylostoma canina (syn. Dochmius trigonocephalus; Undnaria 
trigonocephalus; Undnaria canina), (Underhill ’20, 8), and belongs 
to the family Strongylidse of class Nematoda. The number of 
individual hookworms found in one dog ranged from four to hun- 
dreds, or more than could readily be picked out and counted. The 
fact that hookworms are so small made it difficult for one to be sure 
that all present were found. Generally, each worm was securely 
fastened to the intestinal wall in the midst of a bloody and inflamed 
area, which was the result of its activity. As shown in the table 
above, hookworm infections were usually accompanied by tapeworm, 
eelworm, or whipworm infection. In every case there were prac- 
tically twice as many female as male worms. Ankylostoma canina is 
the only kind of hookworm that occurs frequently in the dog of this 
country. Another species, Undnaria stenocephali, has been re- 
ported, but the report has not been confirmed. 

Ankylostoma canina produces an affection (Underhill *20, 8) in 
dogs which is analogous to ankylostomiasis or hookworm disease 
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of man, caused by Ankylostoma duodenale. Underbill states that 
the depression and indifference which result from such infection 
cause the lack of zest occasionally seen in hunting dogs. The disease 
usually attacks hunting packs in kennels, where reinfection is easy 
and the result is that the dogs become anemic, and soon almost 
worthless, unless treatment is instituted. 

It is easy to see how hookworm infection may become common in 
kennels, but it is truly surprising that it is so frequent among the 
ordinary city dogs and house pets. Even in the latter cases the in- 
fection may become quite severe as can readily be observed by the 
characteristic harshness and loss of luster of their coats. It is 
fortunate indeed that this species of dog hookworm apparently 
never infects man. 

The one species of eelworm, or ascarid, common in the dog is 
Belascaris marginata, of the family Ascaridse of class Ncmatoda. 
It is most frequently found in young dogs iof three or four months, 
and it is thought probable that about thirty per cent (Underhill 
’20, 8) of all puppies harbor the worm in the small intestines. But 
in our dogs, all of which were adults, Belascaris marginata was found 
in only five of the thirty-five, or fourteen per cent of the group. In 
one of these only one eelworm was found, but in the others the 
number ranged from four to nineteen. 

The symptoms of eelworm infection are much like those caused 
by the presence of tapeworms. These symptoms are emaciation, 
irregular appetite and diarrhea or constipation. The infection of 
one parasite alone may be disastrous, while with two different kinds, 
such as eelworms and tapeworms, in a single host, fatal obstruction 
of the intestinal canal would be the expected results. The intestinal 
canal of one of the dogs examined was so filled with tapeworms that 
it seemed impossible that the tract had been able to carry on the 
process of elimination. Tangled in with this very great mass of 
tapeworms were a number of eelworms. 

The whipworm found in dogs is Trichuris depressiusculm (syn. 
Trichocephalus depressiuscidus ) , (Underhill ’20, 8), of the family 
Trichinellidse of class Nematoda. This peculiar worm was found to 
occupy the extreme tips of the ceca of four of the thirty-five, or 
eleven per cent of the dogs examined. They were not found in great 
numbers; the average per dog was eight Worms. Each case of whip- 
worm infection was accompanied by hookworm infection. There is 
no knowledge of these worms of the dbg being of any pathogenic 
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importance, but the whipworm of man, Trickling trichura, has been 
suggested as playing a part in the development of a diseased ap- 
pendix (Chandler ’20, 1). 

The life cycle, the abundance, and the appearance of the tape- 
worms of class Cestoda make them of greater interest than the 
above-considered forms. They were found in eighty-three per cent 
of the dogs examined, and in the majority of these cases they were 
quite abundant. The following table gives the names and the fre- 
quency of the different tapeworms found. Identification was made 
on external characters principally. Underhill’s book was the main 
source of descriptions. 


Name of tapoworm 


Number of dogs 
infected. 


Range m numbers 
of worms per dog. 


Dipyhdium 23 

Taenia pisiformis 11 

Taenia hydatigena 3 

Multiceps 8 

Unclassed ones (very small) 5 


2-50 

1- 46 
1-16 

2- 17 
2-200 


It was impossible to determine the species of Multiceps. There 
are possibilities of two species of this genus being present (Multi- 
ceps multiceps and Multiceps serialis). However, the chances are 
that the majority are Multiceps serialis. Underhill ’20, 8, says that 
dogs having access to butchers’ offal are often infected with Multi- 
ceps multiceps and Toenia hydatigena, the cystic forms of which are 
harbored in organs of sheep; while hunting dogs and those which 
roam about are more frequently infected with Multiceps serialis and 
.Taenia pisiformis, which have their larval stages in rabbits. With 
all the modern equipment used by the butchers and packing houses 
to-day the accessibility of dogs to the wastes of the various animals 
is greatly reduced. Unless the cyst of Multiceps multiceps is ob- 
tained from the sheep of such places it is hard to imagine where 
they could get them, since very few sheep are raised in this terri- 
tory. There are, however, many rabbits in this region of the coun- 
try, so that all the dogs would easily have access to the cysts of 
Multiceps serialis. The scarcity of sheep in this territory probably 
also explains the fact that there were comparatively few dogs in- 
fected by Taenia hydatigena. 

It is difficult to determine the species of the genus Dipylidium 
without making microscopic examination. Dipylidium caninum is 
quite generally accepted as the most common species of this genus. 
The fact that the cystic stage of Dipylidium caninum, the double- 
pored tapeworm, is in the flea or louse of fhq dog may explain the 
very great frequency of the presence of this genus of tapeworms. 
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Dipylidium was found in twenty-three, or seventy-nine per cent, 
of the twenty-nine dogs infected with tapeworms; or in sixty-five per 
qent of the thirty-five dogs examined. Some were only five or 
six inches long, and were quite slender, though mature. Others were 
fifteen inches long, and the mature and gravid proglottids were large. 
These worms were always found in considerable numbers whenever 
present at all. 

Some of the specimens of Taenia pisiformis had some very peculiar 
proglottids. Many of the worms were made up (wholly or partially) 
of proglottids, which were almost circular in shape and were only 
loosely attached to each other. The “chain” of such proglottids 
was extremely easy to break. Perhaps this condition was due to 
some degeneracy that was taking place in the tapeworm; but the 
writer has no definite explanation to offer. 

The muscular activity of the individual gravid proglottids was 
often noticed with interest. In one instance, a number of them were 
placed in a water glass of normal saline solution and their peculiar 
activity was watched closely for four hours. After being unobserved 
for ten hours some of them were found to be still moving, but the 
movement was quite slow, and all died within the next two hours. 

An interesting tapeworm is the three-sided one found in one dog 
(dog 26), which was very heavily infested with worms. This dog 
was host to ninety good-sized tapeworms besides the hundreds of 
the so-called small “unclassified ones.” This somewhat unusual 
worm is eight inches long (preserved; during fixation it had no doubt 
contracted e great deal) . Each proglottid, from the youngest to the 
most mature, is triangular in cross section. Dr. Maurice C. Hall 
says it “is one of the trihedral tapeworms, and this form of abnor- 
mality has been reported a number of times for a number of species.” 
This one is of the species Taenia pisiformis. 

The tapeworms recorded as “unclassified ones” were small, not' 
more than two and a half inches long, and quite slender. Some of the 
forms were mature, as was readily observed by the shape and the 
structure of the posterior proglottids. In one dog only two of them 
were found, while in another there were about two hundred. At first 
glance they resembled immature members of the species Dipylidium 
caninum, but the fact that these small forms were mature makes it 
very unlikely that this was the case. Ha| and Wigdor (18, 5) , make 
reference to a species which may be tb%Wm under consideration 
here. This tapeworm is called DipytiMim sexcoronatum > and is 
thought to be almost as common in Detroit, Mich., as Dipylidium 
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caninum. The description given by rile above authors in this paper 
was not sufficient to determine whether or not the worms found here 
were of the same species. The frequency is sufficient to suggest the 
possibility of these worms being D. sexcoronatum found to be com- 
mon in Detroit. They are undoubtedly of the genus Dipylidium, as 
they are double-pored, but the author is as yet unable to determine 
the species. 

It was found that each parasite had a characteristic distribution 
in the digestive tract. The tapeworms were generally found in one 
great mass, and were usually all in the ileum. Only in one instance 
was there only a single tapeworm (Taenia pisiformis), and it was 
near the pylorus (Sisson 17, 6). Only gravid proglottids, which had 
been shed, were found in the cecum or colon. The hookworms were 
usually scattered the full length of the small intestine, but if there 
were only a few, they were in the ileum. A few times some were 
found in the cecum, or the anterior region of the colon. Once a few 
were found in the stomach. The eelworms seemed to have no par- 
ticular choice as to what region they occupied except that it be in 
the small intestine. When they were quite numerous the younger 
ones occurred anterior to the large ones. The whipworms were 
always found at the extreme tip of the cecum. 

Dogs serve as intermediate hosts to parasites which cause a 
great economic loss in the raising of domestic animals. The “gid” 
parasite (Hall 10, 2 and ’20, 4) which occurs in the brain or spinal 
cord of sheep, is the cystic stage of Multiceps multiceps, a tapeworm 
of the dog. Dogs should be kept free from tapeworms of any kind, 
and various means of treatment fbr removal may be used (Hall ’20 
4). If infection, of any type of parasites, is realized it would be 
advisable to administer treatment. The parasitism of dogs is a 
decidedly serious problem worthy of thoughtful consideration. We 
are all so familiar with the habits of the dog that the possibilities of 
it being a carrier of disease cannot be overlooked. 

CONCLUSIONS. 

1. Most of the dogs of this territory are infested with a number 
of different kinds of parasitic worms of the digestive tract: 

2. The parasites found in the digestive tract of the thirty-five 
dogs examined were tapeworms, hookworms, eelworms, and whip- 
worms. 

8. Eighty-three per cent of the dogs examined were infected 
with tapeworms. 
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4. Different species of the cestode genera Dipylidium, Toma and 
Multiceps were found in these dogs. 

5. Eighty-three per cent of the dogs examined had hookworm in- 
fection. All hookworms were of the species Ankylostoma carvina. 

6. Fifty-one per cent of the dogs had both tapeworm and hook- 
worm infection; but all dogs having tapeworm infection did not 
have hookworm or other parasitic infection. 

7. Five per cent of this group of dogs were infected with eel- 
worms of the species Belas caris marginata. 

8. Four per cent of the dogs were infected with whipworms of 
the species Trichuris depressiusculus. 

9. Eight and one-half per cent of the thirty-five dogs harbored 
no parasites in the digestive tract. 

10. Few sheep are raised in this territory; therefore, few tape- 
worms of the species Multiceps multiceps and Tcenia hydatigena 
were found, because they must have the sheep to harbor their 
cystic stages. 

11. The parasitism of dogs is a problem worthy of consideration. 
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Relations Between Plants and Birds in the Missouri 
River Region. 

JEAN LINSDALE, Department of Zoology. 

I N making a study of the birds of a small area bordering the 
Missouri river in northeastern Kansas special attention was given 
to the recording of facts bearing upon the relations of particular 
kinds of plants to birds. All observations herein recorded were 
made within one and one-half miles of the old townsite of Geary, 
Doniphan county, Kansas, and between 1921 and 1925. 

Although it is now generally recognized that the vegetation of a 
region has an important and well-defined influence upon the bird 
life of the region, there are few published papers which deal with 
this phase of bird study. Since so few studies of bird life have been 
made from this viewpoint, it is thought desirable to record observa- 
tions somewhat in detail rather than to make general statements 
without presenting the data on hand which indicate the nature of 
the relationships that exist between the various kinds of plants and 
the birds of the region. 

Particular plants of this area were found to influence certain birds 
by furnishing: (1) Suitable nesting sites; (2) food; (3) shelter, 
resting places, screen; (4) nesting materials. 

A brief account of other factors which influence birds in ways 
similar to plants is added. 

INFLUENCE OF IMPORTANT PLANT GENERA. 

Acer. Two of the species of larger trees of the area belonged to 
this genus. The white maple ( Acer saccharinum) was a common 
tree where it had been planted in yards and in other places near 
houses. The trees were usually not crowded so that there was plenty 
of room for the tops to become large and for large limbs to develop. 
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A few birds gathered insect food from the brandies of the maples. 
This tree did not furnish especially suitable nesting sites, and only 
a few species nested in it. One nest of the mourning dove was found 
thirty feet from the ground on a large sloping limb of a maple. A 
blue jay’s nest was found on a similar limb three inches in diameter. 
Another was seen building a nest in a crotch made by two limbs and 
twenty feet from the ground. A third nest of the blue jay was 
twenty-five feet from the ground. The Baltimore oriole placed 
nests m the ends of drooping branches. A nest of this species was 
placed ten feet from the ground A red-eyed vireo’s nest was found 
hanging from a horizontal fork of a limb three-eighths of an inch 
in diameter, seven feet from the ground, in a tree forty feet high 
that was growing on the bar east of the lake. Robins built a nest 
four feet from the end of a small branch in the top of a maple. 

The box elder ( Acer negundo) was more generally distributed 
over the area than was the maple. This tree was found m yards, 
along the road on the lower part of the bluff, along the creek and 
ravines, and m the older parts of the bar. In addition to the 
supply of insect food on its leaves and branches, the crop of seeds 
of this tree furnished some food for winter seed-eating birds such as 
cedar waxwings. Most individuals of this species were not large 
A mourning dove’s nest was found ten feet from the ground on 
a horizontal limb. Yellow-billed cuckoos nested m similar sit- 
uations Bronzed grackles were found nesting in the tops of trees 
of this species that were growing along a creek. A cardinal’s nest 
was found six feet from the ground in a small, bushy box elder. 
Rose-breasted grosbeaks nested on horizontal limbs ten feet from 
the ground and m a position similar to that selected by one pair of 
summer tanagers for a nest site. A red-eyed vireo built a nest nine 
feet from the ground in a medium-sized tree along the lower part 
of the bluff Robins nested in an upright crotch twelve feet from 
the ground and on a horizontal limb fifteen feet from the ground. 
Blue jays nested m a crotch near the top of a tree and thirty feet 
from the ground. 

Ambrosia Several kinds of weeds, including Ambrosia, Cannabis, 
Amaranthus, Chenopodium, Melilotus and Rumex grew in dense 
tangles m patches of waste ground over all the area, and especially 
in fence rows, roadsides, on waste parts of the bar, in fields that 
were not well cultivated or that were not planted to crops, and in 
artificial clearings on the bluff. These dense growths were from 
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five to tea feet high. During the summer there was some insect 
food oh these plants, but they were of most use to birds in furnishing 
nest sites. The indigo bunting and dickcissel were common nesters 
in these weeds. Their nests were usually placed from two to four 
feet from the ground. Redwinged blackbirds nested in patches of 
rumex that grew near the lake. 

In August and early September these weeds furnished an abundant 
supply of insect food and many resting places for the smaller species 
of migrating birds. Some of the more frequent species in these 
docks were the orchard oriole, Baltimore oriole, indigo bunting, 
dickcissel, blue-headed vireo, Bell’s vireo, worm-eating warbler, 
Nashville warbler, orange-crowned warbler, Tennessee warbler, Ken- 
tucky warbler, mourning warbler, Maryland yellow-throat, yellow- 
breasted chat, Wilson’s warbler, Canada warbler, catbird, and west- 
ern house wren. 

During the winter months many of the seed-eating birds spent 
their time feeding on the large crop of seeds produced by these 
weeds. The species which regularly fed there at this time are: 
Downy woodpecker, red-winged blackbird, purple finch, goldfinch, 
pine siskin, Harris’ sparrow, white-throated sparrow, tree sparrow, 
slate-colored junco, song sparrow, Lincoln’s sparrow, swamp spar- 
row, fox sparrow, towhee, cardinal, indigo bunting, English sparrow, 
mourning dove, and chickadee The winter wren, golden-crowned 
kinglet, and ruby-crowned kinglet were sometimes found in the 
weeds. 

Celtis. The hackberry (Celtis occadentalis) is not a dominant 
tree of the region, but it exerts an influence upon the bird life. The 
larger trees of this region were found in yards and along the creek. 
Others grew along the bluff and especially along its lower part. In 
addition to the usual amount of insect food found on the foliage of 
this tree, there was each year a crop of fruit which ripened in the 
fall and which was on the tree through the winter. Cedar waxwings 
and robins were seen feeding on the fruit of this tree. 

A nest of the mourning dove was found on a hackberry limb thirty 
feet from the ground. Orchard orioles nested on the end of a branch 
fifteen feet from the ground. 

Cercis. The redbud (Cerds canadensis) is one of the more im- 
portant of the smaller trees of this region to birds. It is found 
along the creeks and in sprout fields, and >s an invader on the river 
bluffs. It grows usually as a small, spreading tree with a rounded 
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top and many branches. In the more crowded situations this tree 
grows taller and with fewer branches. In this form the tree is less 
favorable for use by birds than it is when rounded. During the lat- 
ter half of April redbud trees are in flower, and they attract many 
small insects, which in turn attract the flocks of small, migrating, 
insect eating birds, many of which do most of their feeding at about 
the level of the tops of redbud trees. 

Several species of small summer residents found suitable nesting 
sites in redbud trees. A nest of the mourning dove was found on a 
leaning main trunk and nine feet from the ground. This tree fur- 
nished one of the most favorable nest sites for the yellow-billed 
cuckoo, five nests being found in the bushy tops from four to twelve 
feet from the ground. A nest of the cardinal was found in a fork 
three and one-half feet from the ground. A nest of the yellow- 
breasted chat was found four feet from the ground on a redbud 
sprout. A natural cavity, four and one-half feet from the ground, 
in a main trunk of a redbud, held a nest of a tufted titmouse. 

Cornns. The rough-leaved dogwood ( Cornus asperifolia) was 
one of the most abundant of the secondary trees, both on the bluff 
and in the later stages of growth on the bar. Dogwoods were also 
found growing in the bottom-land timber along the creek. The tree 
usually grew with a spreading top of many branches that were cov- 
ered with a thick growth of leaves. These trees were usually not 
over fifteen feet high. 

In addition to the insect food that birds find in the leaves and ‘on 
the branches of dogwood, there is a large crop of white fruit that 
ripens in August of each year, and which is a popular food supply 
for large flocks of birds that gather before and during the first 
movements toward the south in the fall. This fruit ripens about 
the last of August and usually hangs on the tree until it is eaten by 
the birds. Some of the species most often seen feeding on the fruit 
of dogwood are the kingbird, catbird and brown thrasher. A red- 
bellied woodpecker was seen picking the fruit, which it ate. 

A screech owl was found hiding in the thick tops of a thicket of 
dogwood that was growing along the lower edge of the bluff. 

At least eight species of birds found suitable nesting sites among 
the branches of tbe dogwood. Two nests of the yellow-billed cuckoo 
'Were found on horizontal branches five and six feet from the ground. 
Two nests pi the cardinal were found in dogwood sprouts, and two 
nests of the indigo bunting were found in the thick tops of small dog- 
woods, These nests were well hidden by the leaves. A pair of red- 
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eyed vireos nested on the end of a limb of dogwood five feet from 
the ground. Two nests of Bell’s vireo were found at the ends of 
lower branches of dogwoods on the bar and within three feet of the 
ground. Yellow-breasted chats nested on a dogwood sprout and 
three feet from the ground. A nest of the brown thrasher was found 
in the top of a dogwood eight feet from the ground. Two nests of 
the wood thrush were found in forks of a main trunk Beven feet 
from the ground. 

Hicoria. Several species of hickory trees were found in the timber 
on the bluff. Hicoria ovata was the most common of these, and 
affected the bird life a little more than did the other species. The 
hickory is one of the largest trees in this region, the size being partly 
dependent upon the thickness of the soil covering over the rocks and 
the nearness of other trees. When the trees grow close together the 
trunks are limbless for several feet, and the tops are small and con- 
sist of few branches. 

Several species of birds hunted over the trunks and limbs for in- 
sect food in winter, and hunted in the leafy branches in summer. 

Not many species of birds nested in hickory trees. The larger 
trees, so far as is known, furnished nesting sites for only two species 
of birds. Two nests of the ruby-throated hummingbird were found 
on small horizontal branches twenty feet from the ground. A nest 
of a pair of scarlet tanagers was found on a larger limb twenty feet 
from the ground. A nest of the cardinal was found six feet from the 
ground on a hickory sprout, A pair of red-eyed vireos built a nest 
near the end of a branch of a sprout and eight feet from the ground. 

Juglans. The black walnut is one of the larger trees in the richer 
portion of ground along the creek, in low places on the bluff, and in 
yards. When not too crowded this tree produced a large crown with 
large branches. Some large walnut trees that were dying furnished 
good perches for woodpeckers and flycatchers and other birds that 
require exposed perches for considerable periods of time. The large 
tops furnish feeding grounds for many small species of insect-eating 
birds during the spring migrations. The walnut prefers rather rich 
soil, and it usually grows where the soil is sufficiently deep for a 
large tap root to be sent down. 

This tree furnishes poorer nesting facilities than do some of the 
other kinds of large trees. Mourning dove’s nests were found on 
horizontal limbs ten feet from the ground and twenty-two feet 
from the ground. A nest of the yellow-billed cuckoo was found on 
a small lower limb of a walnut that was seven feet from the ground. 

32 — 3841 
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Three nests of the Baltimore oriole were located on the ends of 
walnut limbs at heights of from twelve to thirty feet from the 
ground. A nest Of the dickcissel was four feet from the ground on 
a walnut sprout. A pair of blue-gray gnat catchers built a nest in' 
the crotch of a*small limb twenty feet from the ground. A robin’s 
nest was found on a horizontal limb twenty feet from the ground. 

Maclura. The Osage orange, or hedge ( Madura pomiferum), is 
not a native tree in this part of Kansas, but it has been introduced, 
and it furnishes an excellent protection for many kinds of birds as 
well as very good nest sites for some. This plant is usually set out 
in rows to serve as fences to mark the boundaries of fields and 
pastures. Sometimes it is kept closely cut back, and its growth 
regulated so that it makes a dense low thicket. Some trees were 
found growing singly in pastures where they had grown up after 
escaping from the fences. These trees were usually the center of a 
small thicket, which was always popular with thicket-inhabiting 
birds. Most of the Osage-orange trees on the area studied are in 
fences that have not been trimmed or otherwise disturbed. Most of 
these fences are along roads, and they have a belt on either side of 
from ten to twenty feet that lias grown up with shrubs and weeds 
that meet the lower branches of the trees in the fence, and so make 
the tangle more dense. 

In addition to the birds that find food and protection from the 
wind and predatory animals, there are several species that use these 
thickets for nesting sites. These nests of the mourning dove were 
found in Osage-orange trees. A yellow-billed cuckoo's nest was 
found eight feet from the ground on a horizontal limb of one of these 
trees. Cardinals nested six feet from the ground in a hedge fence. 
A pair of Bell’s vireos built a nest five feet from the ground on the 
end of a limb of a tree in a fence. Brown thrashers built a nest 
five feet from the ground, but in the center of a fence, and near the 
main trunk of a tree. 

Moms. The red mulberry ( Moms rubra) grew scattered through- 
out the timber as a email tree which was not important for birds. 
This tree in summer produces a large crop of soft fruit that is used 
as food by birds; but the number of trees in this area was small 
and the trees themselves were not large enough to produce a fruit 
crop of sufficient size to influence the feeding of many birds. A 
red-bellied woodpecker was seen hovering at one tree and picking 
the ripe berries, which it ate. 

Mulberry trees seemed to be unsuitable for nesting sites, and only 
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one nest was found in one. This was a cardinal’s nest that was 
eleven feet from the ground and which was shaded by a vine. 

Nelumbo. The chinquapin, or lotus ( Nelumbo lutea ) , was an im- 
portant plant in the stages of the lake when the water was shallow, 
and it contributed largely to the filling up of the lake. The leaves 
usually started to grow rather late in the spring, and they could not 
be seen above the water until about the first of June. The plants 
grew rapidly, and within a few weeks the large leaves, two feet or 
more in width, and the stalks, four or five feet high, were grown 
and the large yellowish-white flowers were produced. Most of the 
flowers were gone before the end of August. During September the 
large heads, three to five inches in diameter and containing twenty 
to forty seeds each, grew and ripened. During the first part of 
October the plants dried up and died. The material in the stem and 
leaves was added to the bottom of the lake. This plant grew in 
large patches that rapidly spread into all parts of the lake where 
the water was of suitable depth. 

The lotus was of value to birds for the food which it produced in 
the seeds and as a screen for the birds that feed in the shallow water 
and on the mud. In the winter crows spent a great deal of time at 
the lake, feeding on the lotus seeds which they picked out of the 
heads. They obtained these either from the mud at the edge of the 
lake or from the ice in the lake. Wood ducks that fed in these 
, patches of plants may have eaten some of the seeds. Other birds 
that were found in the lotus patches, probably because of the need 
for a screen and possibly because other kinds of food were more 
abundant there than elsewhere, are: Shoveller, bittern, great blue 
heron, green heron, sora, coot, Wilson’s snipe, solitary sandpiper, 
spotted sandpiper, killdeer and the Louisiana water thrush. In the 
fall red-winged blackbirds settled on the stems of this plant to roost 
and to rest. Spotted sandpipers were a few times seen walking on 
floating leaves of the lotus. 

Platanus. The sycamore ( Platanus occidentalis) grows in the 
timber along the creek and near the lower edge of the bluff, both 
on the bar and on the bluff. The sprouts of this tree are bushy 
and are suitable for nesting. The medium-sized trees are spindling 
and have little-spreading limbs, and are not especially desirable for 
nest locations. The limbs of the larger trees, which grow in places 
where they are not crowded, are nearly horizontal and some of them 
are near the ground. These furnish many desirable nest sites. 
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Two nests of the kingbird were found twelve feet from the ground 
in sycamores. One was on a horizontal limb and was in a fork next 
to the main trunk. Neste of the wood pewee were found near the 
ends of limbs that were twenty-two feet and thirty feet from the 
ground. A nest of the cardinal was found seven feet from the 
ground on a horizontal limb of a small sycamore. Indigo buntings 
nested three feet from the ground on a sycamore sprout. A natural 
cavity near the ground in a large sycamore near Doniphan lake was 
used by a nesting pair of prothonotary warblers. Tall sycamore 
trees along the lower edge of the bluff were favorite singing perches 
and feeding places for small birds, and especially the parula warbler. 

Polygonum. In the early part of the summer of 1923, when the 
lake was nearly dry, a large part of its bed was covered with a dense 
growth of smartweed. Later, when the overflow from the river 
flooded the lake, the smartweed remained and continued to grow 
until fall, when the plants died, and after the seeds were mature fell 
into the water. They did not grow in the summer of 1924. In the 
fall of 1923 several kinds of birds were flushed regularly from the 
patches of smartweed. Some of them may have been feeding on the 
seeds of Polygonum. The birds most frequently seen were mallard, 
blue-winged teal, bittern, great blue heron and coot. 

Populus The cottonwood ( Populus deltoides) was one of the 
dominant trees on the bar along the river. It was found in varying 
sizes from very young saplings to trees forty or fifty feet high. 
Nearly all of the taller trees were along the lower edge of the bluff 
or along the creek where the soil had not been disturbed for a num- 
ber of years. Nearly all of the trees of this species were between 
fifteen and twenty years old and had trunks about eight inches m 
diameter. 

The medium-sized cottonwood trees furnished food and resting 
places for a large number of species of smaller birds at all seasons. 
Black-crowned night herons were frequently found roosting, during 
the day, in the tops of cottonwoods. Various species of hawks used 
these trees as lookout perches. 

This tree was not Especially desirable for nesting. Most birds 
*did not find suitable sites m its branches. Green herons nested in a 
fork twenty feet from the ground. Yellow-billed cuckoos nested near 
the main trunk on a limb fifteen feet from the ground. Five nests 
of the crow Were found, from ten to twenty feet from the ground, 
in cottonwood tretig on the bar. One of these nests was used for 
nesting during a Second season by a pair of long-eared owls. Car- 
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dinalfi nested six feet from the ground in a small cottonwood that 
had fallen over and whoee leaves had dried. Orchard orioles nested 
in the top of one of these trees. A nest of the indigo bunting was 
found nine feet from the ground in a cottonwood sapling. The 
warbling vireo, although no nests were found, preferred and was 
usually found in the tops of medium-sired cottonwoods on the bar. 
Bell’s vireo nested five feet from the ground in the end of a branch 
of a small sapling. A nest of brown thrashers was fastened between 
two trunks of cottonwood at a height of four feet from the ground. 

Prunus. A few peach trees were found in the orchards, as well 
as a few plum and cherry trees. There were a few wild plum and 
wild cherry trees on the bar and along the roads. These trees were 
present in too small numbers to have much influence upon the bird 
life. In the summer most of them bore fruit that attracted birds. 
A catbird was seen carrying ripe cherries from an orchard. 

Brown thrashers built a nest four feet from the ground in the 
center of a plum thicket. Mourning doves built on a horizontal limb 
of a peach tree in an orchard. 

Pyms. Apple trees ( Pyrus malus) were planted in orchards at 
most of the houses within the area. These trees were nearly all old, 
and as they had not been trimmed or properly cared for, many of 
them were dead or dying. The insects that came to the flowers on 
the trees in the spring attracted many birds, and apple orchards that 
were not regularly sprayed furnished an abundant supply of insect 
food throughout the summer. The wild crab-apple trees that grew 
on the bluff were also good feeding grounds for many small species 
of birds. 

The low and wide-spreading limbs of the apple trees furnished 
desirable nest sites for several species of birds. Mourning doves 
nested twelve feet from the ground in an apple tree. A nest of the 
kingbird was found in a fork twelve feet from the ground. Rose- 
breasted grosbeaks nested in the center of the crown of an apple 
tree and about fifteen feet from the ground. A catbird’s nest was 
found nine feet from the ground in the center of a bushy top of a 
small tree. Robins nested thirteen feet from the ground in the top 
of an apple tree. Downy woodpeckers and bluebirds nested in holes 
that had been made by the woodpeckers in the main trunks and 
large limbs of apple trees. 

Quercus. Oak trees of several species ( Quercus rubra, Q. macro - 
carpa, Q. coccmea, and Q. alba) make up the most abundant and 
most important trees on the bluff. Oaks were also found along the 
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creek. Oak sprouts came up in the cut-over fields that were not 
kept in cultivation. Some of the largest trees on the area were oaks. 
The size of the tree depended on the nature of the soil as well as the 
age of the tree. The trees which grow near the outcrops of rock, 
where the soil is thin, are usually smaller than those that grow in 
deeper soil. The trees are usually crowded, so that they are tall and 
have small tops with few branches near the ground. Large num- 
bers of birds find insect food on oak trees, on the leaves in summer 
and on the trunk and limbs in winter. Blue jays and red-headed 
woodpeckers ate the acorns that ripened in the fall. 

Oaks of all sizes are suitable for nesting, and a large number of 
species prefer to build their nests in them. A mourning dove was 
seen building a nest on a horizontal limb of an oak fifteen feet from 
the ground and fifteen feet from the main trunk. A nest of Cooper’s 
hawk was found thirty feet and another twenty-five feet from the 
ground. Both were in forks of the main trunks of medium-sized 
oak trees. A red-tailed hawk’s nest was found twenty-five feet from 
the ground in a fork of an oak tree whose trunk was one foot in 
diameter at the base. Yellow-billed cuckoos selected a variety of 
nesting situations in oaks. One nested four and one-half feet from 
the ground in a sprout. Another nested on a horizontal limb ten 
feet from the ground. It was five feet from the main trunk. A 
third nest was found in the top of a tree and twenty feet trom the 
ground. Seven nests of the ruby-throated hummingbird were found 
saddled on small twigs near the ends of oak limbs and from ten to 
twenty-five feet from the ground. Two nests of the wood pewee 
were found on horizontal limbs of oaks that were twenty feet above 
the ground. A pair of Acadian flycatchers built a nest six feet from 
the ground in the end of a lower limb of a medium-sized oak. The 
material in the nest was chiefly staminate flowers of oak. A crow's 
nest was found twenty feet from the ground in a fork of an oak. 
Baltimore orioles were seen feeding young in a nest at the end of a 
limb in the top of a tree thirty-five feet high. A nest of the field 
sparrow was found three feet from the ground in an oak sprout eight 
feet high. Cardinals nested five feet from the ground in an oak 
sprout. Two nests of the summer tanager were found on horizontal 
limbs about fifteen feet from the ground. A red-eyed vireo's nest 
was found hanging from the end of a lower limb of an oak and five 
and one-half feet from the ground. Brown thrashers nested three 
feet from the ground in.a sprout. Tufted titmice nested in a natural 
cavity in the main trunk of an oak and five and one-half feet from 
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the ground. Three nests of the blue-gray gnatoatchers were found 
near the ends of limbs in the tops of oak trees and twenty feet from 
the ground. A wood thrush’s nest was seen eight feet from the 
ground on a lower horizontal limb. 

Trees of this genus furnish much better nest sites than any others 
that grow on the bluff in this region. 

Rhus. Several species of this genus were found in the area. Su- 
mac (Rhus glabra) was found frequently as a good-sized shrub, that 
grew at the edges of the timber on the bluff, in pastures and in clear- 
ings in the timber. A large supply of seeds ripened in the fall and 
stayed on the plant during the winter. Robins and bluebirds were 
seen feeding on these seeds. The poison ivy (Rhus toxicodendron). 
climbed over the trees in the timber. It also produced a fruit 
which birds ate. 

Yellow-billed cuckoos nested four and one-half feet from the 
ground in sumac. A pair of indigo buntings nested four feet from 
the ground in sumac. 

A cardinal’s nest was found in a vine of poison ivy that was 
climbing up the trunk of a cottonwood. The nest was nine feet from 
the ground. 

Ribes. Two or more species of gooseberry ( Ribes sp.) grew as 
important plants in the secondary layer of vegetation of the tim- 
ber on the bluff, along the creek, and on the bar. Clumps of these 
plants growing together often made dense thickets five or six feet 
'high and several feet in diameter. In these, protected by a dense 
cover of leaves and by the many thorns on the stems, catbirds and 
brown thrashers nested. 

Rosa. Wild rose bushes grew in clumps on the older parts of the 
bar, in the timber on the bluff, and along the creek. Each clump 
furnished a good protection because of the many sharp thorns. 
Sometimes these roses climbed over other plants or objects. A yel- 
low-billed cuckoo nested six feet from the ground in one of these 
vines. A nest of the cardinal was found five feet from the ground 
in the top of a rose bush. Yellow-breasted chats nested in wild rose 
bushes. 

Salix. The willows were dominant trees in the early stages in the 
development of the bar along the river. They normally cover the 
bars for the first few years after they are formed. Willows, of all 
sizes from the small saplings to trees thirty or more feet in height, 
were present on the bar during the period qf this study. Several 
species were present. Some were found in a narrow line along the 
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creek. Plants of this genus were used by birds far the important 
activities of nesting, resting, and hunting food more times than were 
^plants of other genera in this area. 

Possible reasons for this apparent popularity of the genus Salix 
are the great number of individuals of this genus on the area and 
the great variety of form of those plants due to difference in age. 
Plants of this genus had an influence upon some important activity 
of at least seventy-one species of birds during the time that these 
studies were being made. A great number of these birds were seen 
feeding on the numerous insects that were found on the willows. 
These feeding birds were especially numerous in the late summer 
and during the early fall migrations. Some birds were seen picking 
bagworms from coccoons in winter. Most of the growth of willows 
on this bar took place during the first fifteen years after the bar was 
formed. During this time they were being continually thinned. 
After they stopped growing other trees, (especially Papulus, over- 
topped them and crowded them out. 

Several species of birds, especially flycatchers, used willows as 
perches where they waited for flying insects to come near. Others 
rested in the trees. Owls and herons used them in this way. 

Willows provided a variety of situations suitable for nesting sites. 
Mourning doves nested on a dead willow stump that was two feet 
above the water in the lake A nebt of the yellow-billed cuckoo was 
found m a similar location, and one was found seven feet from the 
ground in a living tree A red-winged blackbird’s nest was found in 
a willow four feet above the water of the lake. Two other nests of 
this species were five feet from the ground in willows growing on the 
bar. A pair of orchard orioles built a nest thirteen feet from the 
ground in the top of a willow. A nest of the Baltimore oriole was 
seen in the top of a large willow tree. Nests of the cardinals were 
found m willows three, five, eight and ten feet from the ground. Two 
nests of the indigo bunting were located in willows, and were about 
five feet from the ground. Four nests of the Bell’s vireo were found 
that were fastened to the ends of small twigs, from two and one- 
half to five feet from the ground, in small willow saplings. Yellow 
warbler’s nests were found five and eight feet from the ground in 
forks of the main trunks of slender willows. Two nest* of the 
yellow-breasted chat were found in forks of small willows two and 
one-half feet from the ground. A catbird’s nest was found in the 
fork of a small willow tree four feet from the ground. A nest of the 
wood thrush was fastened fifteen feet from the ground and adjacent 
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to the main trunk of a willow on the bar. Birds that nested in 
cavities of dead willows are: Tree swallow, prothonotary warbler, 
downy woodpecker, western house wren, chicadee, and bluebird. 

Sambucus. The elder (Sambucus canadensis) was a common 
shrub in pastures and sprout fields, in thickets at the edge of the 
timber on the bluff, and was prominent in the secondary layer of 
shrubs on the bar. It was also found in clearings in the timber and 
along the roads. This plant produces a rich crop of fruit in late 
summer, and several kinds of birds fed on it. The berries are dark 
red and hang in clusters in the tops of the bushes. The bushes were 
not high, and did not furnish especially good nesting sites for birds, 
but four smaller species found them suitable. 

Acadian flycatchers built a nest, hanging from the end of a branch 
five feet from the ground. Four nests of the cardinal were found, 
four to 6ix feet from the ground, which were placed in forks in the 
centers of the bushes. Indigo buntings nested one and one-half feet 
from the ground in a small elder. Three nests of the dickcissel were 
found from two to four feet from the ground in the forks of elder. 

Symphoricarpos. The coral berry (Symphoricarpos orbiculatus) 
was a common, small shrub at the edges of the timber, in partial 
clearings, along roads, and in pastures. It grew in scattered bunches 
or in small clumps that were from three to five feet high. The stems 
of the plant are small and tough. The small leaves are close together 
and make a good screen. Five species of birds nested in these 
bushes. 

A nest of the field sparrow was found one and one-half feet from 
the ground in a clump of coral berry. Three nests of the cardinal 
were found from three to four feet from the ground. Three indigo 
bunting’s nests were found that were one, two and two and one-half 
feet from the ground. A white-eyed vireo’s nest was seen that was 
two feet from the ground. Two nests of the yellow-breasted chat 
were two and two and one-half feet respectively from the pound. 

Typha. The cat-tail (Typha latifolia) grew in and around the 
lake in dense patches that were almost pure stands. The old growth 
each year did not fall back entirely to the ground, and the new 
growth was added to make the thicket more dense. This made a 
good hiding place for the birds usually found in such situations. 
Birds found an abundance of insect food in patches of cat-tail as 
well as good cover and, for a few species, good nesting sites. For 
every use this was one of the more important plant genera on the 
area. The activities of at least twenty-five species of birds were 
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found to be related to Typha. Grebes, ducks, herons, rails, coots, 
snipe, sandpipers and water thrushes swam or waded among the cat- 
tails to feed or to hide. Tree, song, Lincoln’s, and swamp sparrows, 
Maryland yellowthroats, and winter wrens fed or rested among the 
stems of cat-tail that were out of the water, more frequently in 
winter and during the migration seasons than in the summer. Pur- 
ple martins and tree swallows roosted in large numbers in the cat- 
tail thickets in the fall. 

Yellow-headed blackbirds, red-winged blackbirds and prairie- 
marsh wrens were found nesting among the cat-tails, usually over 
the water. A few other species may have nested there, or probably 
will in future seasons if the growth is allowed to continue and ac- 
cumulate. Most of the species which nested in the cat-tails required 
some growth from the previous season to help support and hide 
their nests. The new growth of a single season is not sufficiently 
dense. ' 

Ulmus. Two species of elm were found — the white elm ( Ulmus 
americana) and the slippery elm ( Ulmus julva). The white elm is 
a dominant tree in the timber on the bluff. It is common along the 
creek, and is found in the farmyards. Under favorable conditions 
this is one of the largest trees in the area. The trunks, branches 
and leaves supply an abundance of insect food for many species of 
birds. The leaves are especially dense and furnish hiding places for 
birds like the screech owl. 

In some of the older elms there were cavities in which several 
species of birds nested. Six nests of the mourning dove were found 
from six to thirty feet from the ground in elms. Those near the 
ground were in smaller trees. One nest of the yellow-billed cuckoo 
was found ten feet from the ground on a horizontal limb of a small 
elm. A ruby-throated hummingbird’s nest was seen on a small 
twig of an elm fifteen feet from the ground. Four nests of the blue 
jay were found in elm trees. One was twelve feet from the ground in 
a fork near the mam trunk. The others were on limbs that were 
horizontal or nearly horizontal and were from twenty-five to thirty 
feet from the ground. A crow’s nest was found in a fork of the main 
trunk of a medium-sized elm and twenty-five feet from the ground. 
A nest of a pair of orchard orioles was placed in the end of a lower 
limb and seven feet from the ground. Four nests of the cardinal 
were found in elms. Three of them were in saplings, and were from 
three to six feet from the ground. The other was in a low, drooping 
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limb of a large tree, and was within nine feet of the ground. A 
white-eyed vireo’s nest was found one and one-half feet from the 
ground and hanging from a small twig of a sapling. A small tree 
had a catbird’s nest saddled on a branch next to the main trunk and 
six feet from the ground. A nest of the blue-gray gnatcatcher was 
placed twenty-five feet from the ground and was saddled on a small 
limb near the top of the tree. Three nests of the wood thrush were 
found on lower limbs of elms. They were all about twelve feet from 
the ground. A robin nested in an elm and twenty feet from the 
ground. 

Vitis. The wild grape (Vitis vulpina) was found as a climber 
throughout the timbered land on the bluff, along the creek, and on 
the bar. It also grows along fence rows and roads. By means of 
tendrils the vine grows over trees, bushes, fences and other objects 
so that the leaves may reach the light above. The large leaves help 
to make a dense shade over whatever the vine covers. 

Screech owls rested in the dense shade of the grapevine during the 
day. In late summer and early fall many of these vines bore a 
heavy crop of fruit, which was eaten by several species of birds. 
The tendrils and shreds of bark provided materials for nest building 
for birds, especially the cardinal. The birds that built nests in grape 
vines are: Yellow-billed cuckoo, cardinal, indigo bunting and the 
yellow-breasted chat. As a rule the nests were placed in shaded 
portions of the vines. The grape w r as the most important vine for 
the birds of the area. 

INFLUENCE OF OTHER ENVIRONMENTAL FACTORS. 

BABE GROUND. 

Bare ground was found on some of the newly formed islands in 
the river, along the recently exposed portions of the lake shore, in 
the roads, in farmyards, and in freshly plowed or burned fields. No 
birds were found nesting in these situations within the limits of this 
area. Pelicans and Canada geese rested on the exposed ground in 
the center of the river. Wading birds, ducks, terns, gulls, herons 
and swallows were often seen in late summer and early fall resting 
on the mud at the edge of pools of water in the lake. 

Some species of birds chose these patches of bare ground for feed- 
ing. Insects were common in those places that were moist, and most 
of those specie of shore birds which rested on the flats also fed there. 
In the newly ploughed ground there was a supply of insect food, 
which the Franklin’s gull, black tern, crow, red-winged blackbird, 
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bronzed grackle, cowbird, robin and bluebird hunted at various 
times. These birds usually fed in flocks. Single birds of those spe- 
cies which nested near houses were frequently seen running over the 
bare ground of the yards, picking up nest material or food particles. 
A few species, such as the mourning dove, bobwhite, prairie horned 
lark, and blue jay habitually fed in the bare parts of the roads in 
the vicinity. 

CUT BANKS. 

Cut banks were found along some parts of the roads, where they 
had been cut by road graders; along the edges of the river; and 
along the creek. The cuts along the creek were the largest, some of 
them being over fifty feet high. These high banks were cut through 
deposits of loess, and so it was possible for them to be almost vertical. 

Birds used these vertical banks chiefly as nest locations. The 
belted kingfisher, bank swallow and rough-winged swallow nested 
in holes of their own excavation. Phcebes' and Carolina wrens built 
their nests in shallow cavities in some of the banks. 

A few birds used the crevices and nooks of the cuts as roosting 
places. 

OPEN WATER. 

An account of the extent and character of the open water of this 
area has been given in a previous paper* Many species of aquatic 
birds showed a preference for this part of the habitat in their feed- 
ing and resting activities. 

buildings; bridges; posts. 

An account* has been given of the number and character of the 
buildinp and bridges of the area and of their influence upon bird 
life by providing suitable nest sites for several species. Nearly 
every field was fenced and was surrounded with a line of wooden 
posts. Some of these posts had cavities in which chickadees and 
bluebirds nested. Many passerine birds used the fence posts as 
perches where they rested and sang. Occasionally a bird found 
some insect food on a fence post. 

trees; hollow stumps. 

The dead remains of trees were found throughout the timber of 
the area. They were used as perches by many birds, especially 
those flycatching species which required an unobstructed view of the 
surrounding air so that they might locate approaching insects. For 

♦Wilson Bulletin (vol. 40, 1928, pp. 167-177) 
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other birds such as the robin, cardinal, and brown thrasher, these 
dead branches were favorite singing perches. 

Most of the cavities in the trees were small, so that the birds 
which nested in them were chiefly limited to the smaller species such 
as the screech owl, the woodpecker, the titmice, the crested fly- 
catcher, and the bluebird. Carolina wrens nested in the tops of low 
stumps. 

ANIMALS. 

Cowbirds were seen in small groups which followed herds of graz- 
ing cattle and horses in pastures in their search for food. 

Beheelkt, Cal., January 15, 1928. 
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Birds of a Limited Area in Eastern Kansas. 
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I T IS the object of this report to set forth the significant facts and 
inferences which were obtained in 200 days of field work upon the 
environmental relations of the birds of a small area of ground chosen 
to typify the region of the Missouri river in Kansas. The work ex- 
tended from August, 1921, until May, 1925. Unless stated other- 
wise, all the observations herein recorded were made within one and 
one-half miles of the townsite of Geary, Doniphan county, Kansas. 

For each species of bird known to have occurred within the limits 
of this area at the time of this study an attempt is made to give con- 
cisely the facts learned which bear upon its frequency of occurrence 
and relative abundance; its local or habitat distribution; the factors 
which determine its presence and habitat distribution; and its an- 
nual cycle of activity. The area chosen proved to be an especially 
favorable one for such a study, because little was known of the bird 
life of that part of Kansas. A great variety of habitat conditions 
•was present there, partly due to the influence of the Missouri river; 
and rapid changes in the habitat and their resulting effects upon the 
bird life could be studied. 

A discussion of the habitat divisions of the area and of the gen- 
eral features of environmental relations of the birds has been given 
in the Wilson Bulletin (Vol. 40, 1928, pp. 157-177). For an account 
of the mammals of this area see the Journal of Mammalogy (Vol. 9, 
1928, pp. 140-149). See Copeia (No. 164, 1927, pp. 75-82), for a 
brief treatment of the amphibians and reptiles of the area. 

DISCUSSION OF SPECIES. 

Podilymbus podiceps (Linnaeus). 

Pied-billed Grebe. (515.)* 

The pied-billed grebe was generally found feeding and resting in 
the open water of the lake, although on two occasion^ birds of this 

* Numbers in parentheses are percentages of frequence, whfrh were obtained by dividing 
the number of days on which the species was recorded by the total number of days on which 
observations were made. 
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species were seen among scattered growths of Typha, Usually a 
single bird was seen ; the largest number found together at one time 
being three. Two different times grebes were found in flocks of coot. 

This bird was found in spring from April 21 until May 18, and 
in the fall from August 25 until November 18. 

Larus argentatus Pontoppidan. 

Herring Gull. (8 ) 

During the migrations this gull stopped to feed in the shallow 
water and on the mud at the edge of the lake. It was often seen 
resting on small sand bars in the river, on the ice of the lake, or on 
the mud at the edge of the lake. 

In early spring this bird was usually seen singly or in small groups. 
About fifty were standing in the shallow water of the lake on April 
1, 1923. A flock of about twenty-five came in and stopped, balanc- 
ing themselves with outstretched wings fdr a moment after lighting. 
On the afternoon of April 6, 1923, a loose flock was seen flying down 
the river near the west bank. When flying, these birds almost al- 
ways kept over the water. 

The first record for this bind in 1923 is February 18. The first 
1924 record is February 22. The latest spring record is May 3, 1924. 

Larus delawarensis Ord. 

Rmged-btlled Gull. (3.5.) 

A few of these birds were flying over the lake or standing in the 
shallow water on April 14, 15 and 26, 1923. On June 10 and 12, 
1923, one stayed at the edge of a small pool m the center of the lake 
bed. A bird in immature plumage was shot on the river by duck 
hunters on November 3, 1923. This bird was given to the museum 
of the University of Kansas. 

Larus franklini Richardson. 

Franklin's Gull. (211.) 

Large flocks of Franklin’s gull were feeding in long lines back of 
plows in fields near the river on May 9 and 17, 1924. Several flocks 
were flying north over the lake on April 21 and May 18, 1924. On 
this late date they flew so high that they were almost out of sight, 
and they called as they flew over. Duck hunters shot one out of a 
flock on the rivet on September 16, 1923. 
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Lotus Philadelphia (Ord.). 

BonAparte’a Gull. (JJ.) 

Duck hunters shot two Bonaparte's gfills in a small flock that was 
flying down the river early in the morning of November 9, 1924. 

Sterna forsteri Nuttal. 

Forster’s Tem. (2.) 

Two males were collected from a flock that was feeding over 
Roundy lake on August 25, 1921. The terns were still numerous cm 
the lake on August 27. 

A small flock of Forster’s terns was resting on a wire fence and 
in the shallow water at the edge of Doniphan lake on May 4, 1924. 

Sterna antillarum (Lesson). 

Least Tem (21 ) 

A few of these birds were present during the early part of each 
summer. Throughout August of 1922 they were seen daily, but in 
August of 1923 only a few were seen. 

Least terns were most often seen feeding at small pools cut off 
from the river, over the river, or over the lake. Several were 
watched that were feeding over the lake on August 9, 1922. They 
were securing small fish about two inches long, by diving from a 
height of about fifteen feet, and they were carrying them toward the 
river. Single birds arrived and left at frequent intervals. 

* On August 14, young terns appeared at the lake and attempted to 
catch fish. The adults were busy feeding the young. While being 
fed each young tem settled on the surface of the water and the adult 
approached and gave it food, but did not itself alight. Adults fed 
young as late as August 23. 

When young birds were numerous during the last part of August, 
they were often seen sitting on the mud at the edge of the lake and 
among the feeding sandpipers. 

From the direction that adults carried food from the lake, it was 
suspected that they had nests on some of the sandbars of the river 
in the summer of 1922, and that the nests were chiefly east of the 
lake. There was little evidence that they nested in the vicinity in 
the summer of 1923. 

There was little tendency for these birds to form compact flocks 
except when resting on the mud. 

The earliest summer record is June 4, 1928, when two or three 
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were circling over the river and catching fish. In 1922, this tern was 
last seen on September 7 ; in 1923, September 4 is the latest record. 

Chlidonias nigra surinamensis (Gmelin). 

Black Tern. (15.) 

Usually, not more than half a dozen black terns were seen in one 
day. The largest number seen in one day was on June 3, 1923, 
when over one hundred were flying over the edge of Doniphan lake. 

These birds were less restrictive in their choice of feeding grounds 
than were the other species of terns. They fed over the river, over 
the lake, on the mud at the edge of the lake, and once (May 17, 
1924) they were seen following a plow in a field south of the lake 
and picking insects from the ground. 

The black terns used logs, fence posts, and the mud around the 
lake for resting places. Sometimes they flew over the water and 
stayed within two feet of the surface anfl at other times they flew 
very high. Several times terns were seen sailing over the water with 
set wings. 

The earliest date of occurrence in the spring is May 3, 1924. One 
was seen in immature plumage on June 23, 1922. As late June 
28, 1923, several were seen flying over the lake. In the fall of 1922 
they were seen from August 9 until September 7. The only fall 
record for 1923 is August 25, when three were feeding over a pool 
along the river. The only 1924 fall record is for September 3, when 
one was seen feeding over the lake. 

Phalacrocorax auritus aunt us (Lesson). 

Double-crested Cormorant. (1.) 

Two double-crested cormorants were swimming in Doniphan lake 
on May 8, 1924, and one on May 18, 1924. 

Pelecanus erythrorhynchos Gmelin. 

White Pelican. (5.) 

A flock of pelicans was seen resting on a sand bar in the river on 
April 21, 1924. On May 8, 9 and 10, 1924, a small flock was seen 
which was in almost the same place in the river each day. The 
birds were standing in the water and close together. Another flock 
was noted on a sand bar in the river on May 17, 1924. A flock was 
seen circling and flying north over the bluffs on April 8, 1923. 

Pelicans were seen flying south in the fall on September 10 and 24, 
and October 7, 1922, and on September 10, 1923. 
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Mergus americanus Cassia. 

Merganser. , (35.) 

The merganser was generally seen ill pairs, swimming in the icy 
water of the river, although on two occasions it was seen on the lake. 
A female was shot on the river on November 18, 1922, by Mr. Frank 
Whittaker. This is the earliest fall record. March 3, 1923, when 
several pairs were feeding on the lake, is the latest spring record. 

Mergus serrator Linnaeus. 

Red-breasted Merganser. (5.) 

Two red-breasted mergansers were killed on the river by duck 
hunters on November 17, 1923. The head of one of them was 
examined and preserved and is now in the collection of the Uni- 
versity of Kansas. 

Anas plaiyrhynchos Linnaeus. 

Mallard. (23 5.) 

The number of mallards present on the area varied from a few, to 
several thousand, depending upon the time of year and the favor- 
ableness of the season. 

On December 2, 1922, a male was flushed from beneath a small 
bush that was hanging over the water on the creek one-half mile 
above the bridge. It rose from the water and flew a few feet, where 
it settled on a small pool. It repeatedly dived and swam back and 
forth for nearly half an hour until it was killed just before dark. 

Mallards were seen feeding at various times on the lake, on the 
creek, in pools on the bar, and on the river. 

On June 12, 1922, three were flushed on the north side of the lake 
that may have been young, just able to fly. They were in a small 
pond that was cut off from the rest of the lake. 

The flocks that were on the lake on February 22, 1924, were 
divided into pairs. Throughout the spring the pairs of Mallard on 
the lake appeared to stay together. Most of the small flocks that 
were seen in the summer were made up entirely of males. 

In the spring migrations of both 1923 and 1924 the largest num- 
ber of mallards was seen during March. This bird was seefi as late 
as June 7, 1923, and May 17, 1924. 

On March 15, 1924, a flock that was flying up the edge of* the 
river valley turned when it came to the creek and flew up the creek 
valley as far as it could be seen. 
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Arm rubripea Brewster. 

Black Duck. (US.) 

Duck hunters killed a female on the river, two miles south, on 
November 3, 1923. Another was killed at the same place on the next 
day. Several were reported killed on the lake, earlier in the season. 
The three that were examined had feet of the same color as those of 
the mallard. 

Chaulelasmus streperus (Linnsus). 

Gad wall. (1.) 

Duck hunters killed a female on the lake on November 4, 1923. 
On March 29, 1924, three were feeding in the northwest part of the 
lake. 

Mareca americana (Gmelin). 

Baldpate. (i.) 

One was killed on the river by hunters On October 27, 1922. An- 
other was seen swimming with mallards in a small pool near the 
bluff and north of the lake, on March 29, 1924. 

Nettion caroUnense (Gmelin) . 

Green-winged Teal. (6.) 

The green-winged teal fed in the shallow water at the edges of 
the lake during the migration seasons. It was generally present in 
small flocks. 

The earliest spring record for this duck is March 3, 1923, and 
the latest spring record is April 21, 1924. Some were killed on the 
lake on October 29, 1923, and November 29, 1924. 

Qverquedula discors (Linnaeus). 

Blue-winged Teal. (21JS.) 

The blue-winged teal was one of the most common ducks during 
the seasons of migration. During each season it was found in small 
flocks that stayed to feed on the lake and on the sloughs on the bar. 
On the lake it fed in the shallow water, on the mud around the edge, 
and in the growth of Typha. On September 12, 1923, several single 
birds were flushed from the large patch of Polygonum that was grow- 
ing in the lake. 

After the middle of April, flocks of this bird tended to break up 
into pairs. ( 

This duck was found from April 2 until June 2, 1923, and from 
April 5 until May 30, 1924. In the fall it was one of the first ducks 
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to arrive. It was present in the fall of 1922 from August 21, when 
a flock of about twenty was feeding on the lake, until October 29. 
In 1923 it was observed as late as November 18. 

Spatula clypeata (Linnaeus). 

Shoveler. (11.) 

The shoveler was usually seen in small numbers feeding in the 
shallow water at the edge of the lake or on the mud nearby. On 
March 3, 1923, several pairs were feeding on the lake in water deep 
enough that they had to tip to reach the bottom. 

All of this species that were seen in the spring were segregated into 
pairs of male and female. The shoveler was present from March 
3 until May 13, 1923, and from March 29 until May 30, 1924. It 
was recorded on November 7 and 9, 1924. 

Dafila acuta tzitzikoa (Vieillot) . 

American Pintail (12 ) 

Pintail stopped in large numbers to feed in the shallow water of 
the lake. Often when the lake was covered with ice in the spring, 
flocks of this duck were seen standing on the ice, as on March 15, 
1924. There was some open water in the lake at this time. 

On the morning of February 22, 1924, there were several hundred 
on the lake, and they kept coming in in small flocks. These flocks 
tended to break up into pairs consisting of a male and a female. 
There was often as many as a dozen pairs in the air at one time. 
In the flight, the male generally followed the female. 

The dates of occurrence in the spring are between January 29 and 
June 3, 1923, and between February 22 and May 3, 1924. Fall 
records are September 24 and October 29, 1922. 

Aix sponsa (Linn©us). 

Wood Duck. (12.5 ) 

The wood duck was seen more often and in greater numbers in 
1921 and 1922 than in 1923 and 1924. During August, 1922, small 
groups were often seen flying down the river in the evening. At 
other times they were feeding in small groups or singly in the weeds 
or patches of Nelumbo in the lake. 

A large flock was seen on the lake from August 25 to 27, 1921. 
On June 14, 1922, a group of six, that was flying over the lake, 
settled on the water. From August 5 until September 24, 1922, 
small flocks were seen frequently on the lake and on the river. 
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Dates on which this duck was found in 1923 are August 23 nnd 
September 5, 8 and 12. On October 11, 1924, a small flock was seen 
'on the -lake. 

Mania americana (Eyton). 

Redhead. (5.) 

On the afternoon of April 21, 1924, a pair of redheads was swim- 
ming alone on the lake. Later they joined a small flock of Mania 
affinU. These birds were tame and allowed a close approach. 

Marila affirm (Eyton). 

Lesser Scaup Duck. (65.) 

A female lesser scaup duck that was shot on April 7, 1923, on a 
pool below a spring, had its stomach filled with shells of small 
snails. These birds were usually found in small flocks on the lake. 
They were most often found in the deeper parts of the lake, although 
at times they were found in the shallow water. One was killed on 
the river on November 17, 1923. 

Dates of migration are between April 7 and June 3, 1923; Novem- 
ber 4 and 17, 1923; and February 22 and May 29, 1924. 

Marila collaris (Donovan). 

Ring-necked Duck (.5 ) 

Hunters killed a ring-necked duck on the lake on November 17, 
1923. 

Chen hyperboreus hyperboreus (Pallas). 

Snow Goose. (5 ) 

A flock of about thirty birds that was flying down the river in a 
loose, irregular line on March 3, 1923, was identified as belonging 
to this form. 


Branta canadensis canadensis (Linnaeus). 

Canada Goose. (3.) 

March 3, 1923, three large flocks were seen on the river. One 
flock of about one hundred and fifty settled on a large sand bar in 
the river. April 2, 1923, ten birds were seen flying up the river 
in a loose line. They flew very fast with the strong wind. On 
February 3, 1924, a flock of 23 was seen flying northwest up the 
*Wpek valley. On March 1, 1924, a small flock was flying north- 
west early in the morning. Some were heard calling overhead at 
night on March 28, 1924. 
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A flock of twenty-five stayed in the vicinity for nearly a week in 
the middle of March, 1925. They stayed on sand bars in the river 
during the day and just before dark they flew out each evening to a 
large wheat field on a hill where they stayed until morning, when 
they returned to the river. 

A flock was flying down the river on November 9, 1924. 

Botaurus lentiginosus (Montagu). 

Bittern. (4.) 

Single birds of this species were flushed from patches of Polygo- 
num, Nelumbo, and other plants at the edge of the lake on Septem- 
ber 4 and 10, 1922, September 8 and 12, 1923, and October 6, 1923. 

Ixobrychm exilis (Gmelin). 

Least Bittern. (15.) 

A least bittern was flushed from a small patch of Typha in the 
south part of the lake in the middle of the forenoon of June 13, 1922. 
On August 12, 1922, one was shot at six o’clock in the morning. It 
was perched on a stem of Typha and about eight inches from the 
water. Several were flushed from patches of Typha in shallow water 
in the north part of the lake on May 30, 1924. 

Ardea herodias kerodias Linnaeus. 

Great Blue Heron. (395 ) 

Great blue herons were often seen standing in the water or feed- 
ing at the lake. They were found in patches of Typha, Polygonum, 
Nelumbo, as well as in the open water and on the mud flats. They 
were sometimes seen on sand bars in the river or at the edges of 
pools that were cut off from the river. A few times in late summer 
they were found feeding along the creek. 

Usually not more than six of these birds were seen in a single day. 

Although individuals of this heron were present during the entire 
summer, they were not found actually nesting. On May 6, 1923, 
three single birds of this species were seen flying to the river from a 
westerly direction over the bluff. They arrived about ten minutes 
apart, and may have been from some nesting ground. 

On March 30, 1923, one was seen in the center of the lake at sun- 
rise and another was feeding in the water there at about ten o’clock 
in the morning. The water was about eight inches deep. The bird 
flew a short distance, and after alighting it reached into the water 
for a fish which it swallowed. The swallowing was accompanied 
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by rather violent jerks of the neck. After a few minutes the bird 
moved and captured another small fish. This fish was thrown into 
the air and caught three or four times and then swallowed head 
' first. The heron left after about ten minutes. 

The latest fall record for this bird is October 29, 1922. The earli- 
est spring record is March 29, 1924. In 1923 it was first seen on 
March 30. 

This heron was often heard calling on the lake, especially in late 
summer and early fall. 

Florida caerulea (Linnseus). 

Little Blue Heron. (1.) 

On September 2, 1924, a single little blue heron in white plumage 
was feeding on the mud and in the shallow water at the edge of 
Doniphan lake, and on September 3 a loose flock of twelve, in the 
white plumage, was seen at the edge of RtSundy lake. 

Butorides virescens virescens (Linnaeus) . 

Green Heron. (36.5 ) 

As a rule, only one or two green herons were seen in one day, but 
in August and early September they were more numerous, and 
groups of twelve or more birds were often seen. One such a group 
was seen that was in water about three inches deep in the lake on 
August 14, 1922. Some were wading in the edge of the Typha and 
were even climbing among the stems of that plant. The birds 
squawked ac they moved about. When a shotgun was fired nearby 
the birds did not fly, and they appeared to be not disturbed. Some- 
times these herons rested on the mud at the edge of the water, some- 
times on the piles of drift along the river or the creek, and sometimes 
in the willow and cottonwood trees on the bar. 

This heron fed at the edge of the lake, often in patches of the vari- 
ous kinds of vegetation along the creek, along the river, and in pools 
on the bar. 

The only nest that was seen of this species was found on June 5, 
1923. It was in the top of a small cottonwood on the bar near the 
mouth of the creek. It was about one hundred yards from the river. 
The nest was near the main trunk of the tree and was about twenty 
feet from the ground. There were eggs in the nest, but the number 
,was not determined. The sitting bird left when the nest was ap- 
proached and returned in about fifteen minutes. The weeds that 
were growing beneath the nest were covered with white excreta of 
"this species. 
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April 28, 1928, is the earliest date on which this bird was recorded 
in spring, and September 24, 1922, is the latest date of its recorded 
presence in the fall. 

Nycticorax nycticorax ncevius (Bodd»rt) . 

Black-crowned Night Heron. (7.5.) 

This heron was flushed from the tops of cottonwoods along the 
river and from the exposed mudflats around the edges of the lake. 
It was found in trees more often than were the other herons, and 
when flying it was usually at higher altitudes than were the others. 
It appeared to be more wild than the others, and it squawked more 
than they did. 

Several were seen on the lake on August 25, 1921. On June 19, 
1922, four in immature plumage flew from some Typha at the edge 
of the lake to the trees near by. In the fall of 1922 this species 
was seen on August 11, 23 and 31, and September 4, 7 and 10. In 
1923 it was found on May 13 and June 5, 6 and 10. In 1924 it 
was found on April 21 and May 30. 

This bird was usually present in small, compact flocks of fewer 
than eight individuals. 

Ralltis virgimanus Linnseu*. 

Virginia Rail (15) 

On September 10, 1923, a female of thi« species was found in a 
weedy pasture. It had been crippled, but was able to run. There 
was a telephone wire on the north side of the pasture which the 
bird may have hit in its migration flight. On September 3, 1924. 
one was flushed that was in Typha at the edge of the lake. 

Porzana Carolina (Linnaeus) . 

Sora. (4 ) 

Soras were flushed in Typha and Nelumbo at the edge of the lake. 
Dates of occurrence in spring are between May 8 and 17, and in 
the fall between August 28 and September 12. 

Fulica americana Gmelin. 

Coot. (165.) 

The number of coot present at one time varied from a few to 
several hundred. This species was found in the open water of the 
lake, on the mud at the edge, and in the. Nelumbo and Typha. 
Usually the flocks were not very compact When the birds were 
feeding they often dived and picked up food from the bottom. A 
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large flock that was feeding on the mud at the edge of the lake on 
May 17, 1924, ran into the water when it was approached. 

In the spring these birds were often heard calling, and they were 
rather tame. In the fall, when many were shot by duck hunters, 
they became very wild and hard to approach. 

In 1922 a group of seven was present on the lake as late as June 
19, when they were seen swimming in the edges of patches of Typha. 

April 4, 1924 is the earliest spring record for this species, and 
November 30, 1923, is the latest date of its recorded occurrence in 
the fall. The earliest fall record is September 6, 1923. 

Steganopus tricolor Vieillot. 

Wilson’s Phalarope. (15.) 

A few individuals of this species were feeding with the sand- 
pipers at the edge of Doniphan lake on May 11, 13 and 20, 1923, 
and on May 8, 1924. 

Gallinago delicata (Ord.) 

Wilson’s Snipe (5.) 

This bird was found in small numbers, usually less than four, 
and it preferred those portions of the lake shore that were grown up 
with vegetation. It was also found at the edges of pools on the bar 
below springs and along sloughs. 

Spring records are between April 2, 1923, and May 8, 1924. Fall 
dates of occurrence are October 29, 1922, and November 8, 1924. 
when one was seen at the edge of a pool m the creek. 

Limnodromus griseus scolopaceus (Say). 

Long-billed Dowitcher. ( 1 ) 

A single bird was feeding at the edge of the lake on September 4, 
1922. Two birds at the edge of Doniphan lake on May 18, 1924, 
were approached to within fifty feet. 

Micropalama himantopus (Bonaparte). 

Stilt Sandpiper. (5.) 

One shot out of a small flock in the shallow water at the edge 
of Doniphan lake on May 18, 1924. 

Pisobia maculata (Vieillot). 

Pectoral Sandpiper. (18) 

The pectoral sandpiper was found in flocks which varied in sisc 
from one or two birds up to several hundred and which fed in the 
shallow water and on the mud at the edge of the lake. 
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In the spring of 1923 this sandpiper was present from March 30 
until June 7. In the fall of 1922 it was present from August 10 un- 
til October 8. 

Pisobia fuscicollis (Vieillot). 

White-rumped Sandpiper. (3.) 

This bird was feeding with other sandpipers at the edge of the 
lake on August 22, 28 and 31, and September 7, 1922; June 7, 1923; 
and May 18, 1924. 


Pisobia minutilla (Vieillot). 

Least Sandpiper. (13.5.) 

This sandpiper fed on the mud around the lake in larger numbers 
than any of the other species of sandpipers. Records of its oc- 
currence in spring are between May 3, 1924, and June 7, 1923. 
In the fall of 1922 it was present between August 9 and September 
10 . 

Ereunetes pusillus (Linnseus). 

Semipalraated Sandpiper. (4.) 

The scmipalmated sandpiper was found in about the same places 
and at about the same time as the least sandpiper. 

Limosa hoemastica (Linnseus). 

Hudsonian Godwit. (1.) 

On May 13, 1923, a flock of nine was wading along the west side 
of Doniphan lake in water about four inches deep. Another that 
was crippled stayed by itself on the mud, but not in the water. 
When it was approached to within ten yards it would fly out over 
the water and sail back to shore. A small pool of blood was left 
after each stop. Once it squatted on the ground until it was ap- 
proached closely. The flock separated at one time and a part flew 
a short distance along the edge of the lake. 

On May 17, 1924, two stopped with other shore birds on the north 
edge of the lake. 

Totanus melanoleucus (Gmelin). 

Greater Yellowlegs. (2.) 

The greater yellowlegs was found on the lake on September 4 
and 7, 1922; April 14, 1923; and April 21, 1923. Only a few in- 
dividuals were seen at each time. 
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Totanus fiavipee (Gmelin). 

Yellowlegs. (185.) 

In the spring and fall the yellowlegs fed at the lake both in the 
shallow water and on the mud at the edge. On April 21, 1924, 
some were seen feeding on the mudflats along the river. 

On April 28, 1923, these birds made much more noise and were 
much more restless than they had been two weeks before. 

On August 14, 1922, a large flock flew to the lake and settled at 
about six o’clock in the evening. 

Usually several small flocks fed at the lake at one time. On 
March 30, 1923, the earliest spring record was made, and the latest 
spring record was made on June 3, 1923. In the fall this bird was 
seen between August 10, 1922, and October 11, 1924. None was seen 
in the fall of 1923. 

Tringa solitaria solitarid Wilson. 

Solitary Sandpiper. (8 ) 

Although not so many individuals of this species were noted as of 
the other species of sandpipers, they were found in a greater variety 
of situations Usually single birds were found. They were most 
often found at the edge of the lake. On August 2, 1922, one was 
feeding along the creek above the bridge. It flew down the creek 
when it was disturbed. On September 4, 3922, one was feeding at 
the edge of a Nelumbo patch at the edge of the lake. One was 
flushed at the edge of a small opening in Typha on August 21, 1923. 
One was seen on the mud at the edge of a pool cut off from the nver, 
near the mouth of the creek, on September 8, 1923. Two were 
seen at a marshy place below a spring on. April 28, 1923. May 17, 
1924, is the latest recorded date of occurrence in the spring. 

Catoptrophoru8 semipalmatus semipalmatus (Gmelin). 

Willet. (l.) 

A male flew to the lake at five o’clock on the afternoon of August 
22, 1922, and settled in water about three inches deep. The bird was 
shot after it had started to bathe. It permitted a close enough ap- 
proach to be shot with No. 10 shot. 

On May 18, 1924, a crippled willet was seen on the mud at the 
edge of Doniphan lake. It would not allow a close approach, but 
it staggered when it attempted to run or to start flight. It flew 
out over the water and returned to the shore several times. 
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Tryngites subruficollis (Vieillot). 

Buff-breuted Sandpiper. (5.) 

On August 27, 1921, two birds of this species were shot out of a 
group of four at the edge of Doniphan lake. They were feeding 
farther away from the water than were the other kinds of sand- 
pipers. Both the birds that were collected were males. 

Actitis macularia (Linnseus) . 

Spotted Sandpiper. (185.) 

This sandpiper fed along the creek, along the river, at the edges 
of pools on the bar, and among patches of Nelumbo. Individuals 
were frequently seen resting on boxes and lop in the lake. On 
August 23, 1921, some were seen feeding on the tops of leaves of 
Nelumbo that were floating in the lake. Spotted sandpipers were 
found throughout the summer, although they were more plentiful 
during the migration seasons. The earliest record is May 3, 1924, 
and the latest fall record is September 10, 1922. 

Numerdus americanus Bechstein. 

Long-billed Curlew. (5.) 

A long-billed curlew was seen with sandpipers at the edp of 
Doniphan lake on May 8, 1924. 

Sqmtarola squatarola cynosure Thayer and Banp. 

American Black-bellied Plover. (2.5.) 

An adult came to the lake on August 21, 1922. It ran through 
water about two inches deep with a peculiar jerking motion. It 
called several times and flew away towards the river with some 
yellowlep. On August 23 one was seen in about the same place. On 
August 28 three were feeding on the north side of the lake. About 
half the time they were on the shore about fifty yards from the 
water and the remainder of the time they were in water about three 
inches deep. They were very shy and it was difficult to approach 
them. After about three hours of stalking one was killed. The 
two remaining birds left in the direction of the river. Two birds 
were seen at the lake on August 31 which were very shy. 

One was seen in water three inches deep at the edge of Doniphan 
lake on June 3, 1923. It did not fly far when it was disturbed, and 
it called only once or twice. 
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Oxyechvs vociferus (Lianwus). 

Killdeer. ( 16 .) 

• The killdeer was often seen, with other waders, feeding on the mud 
around the lake. These birds usually kept a little farther back from 
the water than did the other waders. The groups of killdeer were 
usually not large, the largest flocks being found in the fall and being 
composed of about twelve birds. 

Spring records for this bird are between March 15 and June 23. 
Pall records are between August 1 3 and October 30. 

Charadrius semipalmatus Bonaparte. 

Semipalmated Plover. (7.) 

This bird was found feeding around the edges of the lake, both 
near the edge of the water and at a little distance back from the 
shore. 

Dates of occurrence in the spring are between May 3, 1924, and 
June 7, 1923. Fall migration dates are between August 11, 1922, 
and September 7, 1922. This bird was not seen during the fall in 
other years. 

Colinus virginianus irirginianus (Linnaeus.) 

Bobwhite. (17-5 ) 

The bobwhite was not numerous. Never were more than one 
covey or one or two pairs seen in a single day, and although the 
bird was probably present throughout the year, none was seen in 
November or February. 

This bird fed in weed patches and deserted fields along the sides 
of the hills, along the roads, and in the timber on the bluff. Some- 
times it was found in the willows on the bar. In the mornings it 
was often heard calling along the creek or on the bar, and more fre- 
quently between May and September than at any other time. 

A pair was flushed from an unfinished nest on June 10, 1922. The 
nest was in a heavy growth of grass on the side of a ravine on the 
bluff. The nest was nearly finished and opened to the south. 

All of this species that were seen between the first of October 
and the first of May were in coveys that were made up of from 
eight to twenty birds. During the rest of the year individuals or 
pairs were seen, and these were most often noted along the roadsides. 
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Zenaidura macroura carolinenm (Linnteus). 

Mourning Dove. (845.) 

Several mourning doves were seen daily throughout the year ex- 
cept during the winter, when they were present in much smaller 
numbers. They fed in all parts of the area where they could find 
food. Most of their food was obtained from the ground or from 
plants that produced seeds near the ground. The mourning dove 
was often seen gleaning food from the roads, from bam lots, from 
weed patches, from pastures, from mud flats near the lake, from 
granaries, from fields, and from open ‘places both on the bluff and 
on the bar. Mourning doves rested upon dead or leafless limbs of 
trees, on buildings and bridges, and on telephone wires. When mov- 
ing from one place to another these birds were often seen flying 
high above the tops of the trees. 

On April 22, 1924, a pair was seen building a nest in an Osage 
orange tree along a road east of the center of the area. On May 3, 
1924, an adult was brooding an egg in a nest ten feet from the ground 
on a horizontal limb of a box elder that was in a yard. 

A pair was watched that was working on a nest at eight a. m on 
May 6, 1923. The nest was in a tree in a yard, and was on a hori- 
zontal limb twelve feet from the ground. The female stayed on the 
nest while the male made trips to the ground in the edge of an or- 
chard about fifty feet away to get material. Each trip required 
from ten to sixty seconds. When returning to the nest with ma- 
•terial the bird did not fly directly to the nest, but first stopped in 
some other part of the tree usually at the end of a dead limb and 
about ten feet from the nest. After about ten seconds it would fly 
to within one foot of the nest. Instead of lighting directly on the 
nest the bird usually settled on the back of its mate and then lowered 
its head, bringing the material for the nest near to and below the 
head of the female. The female then took the straw or sticks in 
her bill and arranged them in the nest. She turned after each trip 
so that the nest was built evenly all the way round. A few times 
the male laid the material directly on the nest. He always left im- 
mediately after the female took the sticks. No trace of this nest 
could be found on May 13. 

On May 19, 1923, a pair was building a nest twelve feet from tbe 
ground in an Osage orange along a road. One bird was on the nest 
and one carried material. The same pair was working on this nest 
on the next day. 

A nest containing two eggs was found in an apple tree in an or- 
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chard on June 7, 1923. It was twelve feet from the ground. As the 
brooding adult left the nest it flew low but did not touch the ground. 

An adult was brooding on a nest fifteen feet from the ground in 
an elm tree on June 8, 1922. 

A mourning dove was seen on a nest with two eggs that was on 
a leaning willow stump in the north part of the lake on June 19, 
1922. The nest was two feet above the water and about one hundred 
yards from the shore. Whether or not the young were successful 
in reaching shore was not determined. 

A partially completed nest was found nine feet from the ground 
on the main trunk of a redbud that was leaning at a forty-five degree 
angle. The tree was on the lower part of the bluff. An adult was on 
the nest, but it flew to a small limb near the ground and about fif- 
teen feet away when it was approached. 

An adult was brooding on a nest twenty-two feet from the ground 
and four feet from the end of a limb of a 'walnut in a yard on June 

23. 1923. On June 26 another adult was found brooding on a nest 
forty-five feet from the ground and near the end of a branch of a 
honey locust that was twenty-five yards from the walnut. 

A single adult was gathering material from the ground in a yard 
and carrying it to a limb eleven feet from the ground in a peach 
tree in an orchard in the morning of June 24, 1923. The same bird 
was carrying material and working on this nest on June 26. 

A nest was found thirty feet from the ground and four feet from 
the end of a limb of a large elm along a rOad on June 30, 1923. An 
adult was brooding at 7:30 a. m., and another adult was perched 
on a limb three feet away. 

On. July 1, 1923, a nest was seen in a maple in a yard, which also 
contained nests of the blue jay and the Baltimore oriole. This nest 
was thirty feet from the ground, and was on a limb that was nearly 
forty-five degrees from the horizontal. 

The latest nest record for this species is July 18, 1923, when a 
nest was found that was thirty feet from the ground and three feet 
from the main trunk of a hackberry in the E. V. Roundy yard. An 
adult was brooding. 

These birds were often found in groups of three, especially in 
early fall. Larger flocks were noted in late summer, as when several 
small flocks were seen along a road on August 28, 1923. On August 

29. 1923, some flocks were feeding in the wheat stubble on the hills 
north of the lake. Occasionally, during the winter, flocks numbering 
from twelve to fifteen were found feeding in Weed patches along the 
edge of the bar or along the creek in sheltered places. 
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Catharte8 aura septentrionalis Wied. 

Turkey Vulture. (38.) 

From one to twelve turkey vultures were seen almost daily in the 
summer, soaring over the bluffs or over the river valley. They 
were not often seen except when flying. Once one was seen resting 
on some drift on a sand bar in the river. At one time one was seen 
perched in a cottonwood tree on the bar, and on another occasion 
one was seen in the top of a medium sized dead tree near the top of 
the bluff. 

On June 6, 1923, a nest was found in a hole in the top ledge of 
limestone of the bluff and three-fourths of a mile south of the cen- 
ter of the area. The hole was two feet across at the opening and 
was ten feet deep. Its floor sloped down at an angle of about forty- 
five degrees from the horizontal. The opening was shaded by small 
shrubs and larger trees. In the morning when the nest was found 
the brooding adult scrambled back to the far comer of the hole. It 
was too dark in the hole to distinguish objects in the nest. In the 
afternoon when a flashlight was used the adult refused to leave the 
nest. When small pieces of rock were thrown into the hole the bird 
moved a little, and one young bird could be seen and apparently 
three eggs. These may have been parts of eggs. The shells ap- 
peared to be dark brown and no spots could be seen. The young 
biid was white and downy. A large amount of dark brown, semi- 
-solid food material with a very disagreeable odor w r as regurgitated 
by the brooding bird when it was disturbed. 

April 5, 1924, is the earliest spring record for the turkey vulture, 
and September 24, 1922, is the latest fall record. 

Circus huisonius (Linnaeus). 

Marsh Hawk. (12.) 

Usually, only one marsh hawk was seen at one time, but pairs 
were seen on a few occasions. The status of this bird may be shown 
best by a summary of its occurrence by months. 

On January 24, 1923, one was chased over the river and into the 
willows by a crow. One was seen on each of the three days follow- 
ing. On February 18, 1923, tw^o were flushed from the thick growth 
of small willowfe between the lake and the river. They flew up the 
river together. One was seen flying over the bar on February 5, 
1924. None was seen in May. Marsh hawks *were seen flying over 
the bar on March 3 and 31, 1923. One or two crows were seen fly- 
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ing at the bird seen on the latter date. April dates are 1 in 1923, End 
19 and 21 in 1924. On June 13, 1922, one was flying north over 
the willows in the afternoon. On June 21 a female was flying low 
over the willows, and on June 22 one was flushed in the tall grass 
between the lake and the river. There are no July records. On 
August 10, 1922, one that was hunting around the lake scared away 
a small flock of sandpipers. An adult was flying over the willows 
near the mouth of the creek on August 14, 1922. On August 23, 
1923, one, in the reddish phase, flew low over the bar near the river. 
There are five records for September. On September 8, 1923, one 
flew low over the lake and was chased by a whole flock of swallows 
late in the afternoon. One flew low over the willows on October 7, 
1922. There are no records for either November or December. 

Acripiter velox (Wilson ) . 

Sharp-shinned Hawk (5 ) 

A sharp-shinned hawk was flushed from the ground near a 
marshy place at the foot of the bluff on May 12, 1923. It flew into 
the willows on the bar, where.it stopped. Another flew over the bar 
on February 14, 1925. 

Acripiter cooperi (Bonaparte). 

Cooper’s Hawk (155 ) 

Single Cooper’s hawks when seen were usually flying over the 
tops of the trees on the bluff, on the bar, or low over the fields. On 
August 25, 1921, one was shot in a tree which stood about half way 
to the top of the bluff. 

On June 7, 1922, a female was brooding five downy young in a 
nest thirty feet from the ground in a red-oak tree at the side of a 
road on the bluff. The nest was in a fork of the main trunk of the 
tree, which was six inches in diameter. While the tree was being 
climbed the adult made three swoops to within a few feet of my head 
and called several times. The next day the female was seen going 
to the nest at six o’clock in the evening. She was seen in a near-by 
tree on the 10th. On June 18 an adult circled around the nest. 
Thsi white, downy feathers of the young birds could be plainly seen 
from the ground. A male was carrying food in the direction of the 
nest on June 21. On June 26 the five young, whose feathers were 
now about half grown, were shot out of the nest. Their stomachs 
were filled with the remains of two chickens of a size which would 
probably weigh about half a pound. 
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A nest was found fifteen feet from the ground in on oak tree in 
a .ravine on the Whittaker farm on June 11, 1922. It held five 
bluish-green eggs. They were fresh. The female was not on the 
nest in the morning, but was incubating at five o’clock in the 
evening. 

A Cooper’s hawk was seen flying high over the willows on January 
26, 1923. One flew into the group of trees near the house on the 
Whittaker farm on February 3, 1924. On April 14, 1923, one, flying 
west over the lake, caused a small flock of yellowlegs to rise and 
call, but it flew on without stopping. On April 15 one was chasing a 
red-tailed hawk over the bluff. 

Late fall dates for this bird are November 17 and 18, 1923. One 
that had not been dead for a long time was found on the shore of 
the lake on November 30, 1922. 

Buteo borealis borealis (Gmelin). 

Red-tailed Hawk. (32.) 

In the summer not more than one or two of this species were seen 
in a single day, but in winter and the seasons of migration it became 
more numerous, and several were often seen at one time. It was 
most often seen flying over the bluff and the bar. Sometimes it was 
found resting in the tops of tall trees. On May 10, 1924, one was 
flying among the trees and near the ground on the bluff. On April 
15, 1923, one was chased out of the timber on the bluff by a Cooper’s 
* hawk. 

A red-tailed hawk flew from a nest in a tree near the top of the hill 
one-quarter of a mile northeast of the E. V. Roundy house on March 
31, 1923. At first the bird stopped in a nearby tree and called 
several times; then it moved on to other trees and finally circled 
overhead several times ; but it did not leave the vicinity. Two hours 
later, when it was approached, the bird left the nest directly. The 
nest was twenty-five feet from the ground and was in the top of an 
oak tree that was one foot in diameter at the base. On April 1, 
when the tree was climbed, the nest contained three eggs. The 
female stayed nearby and called while the nest was being examined. 
On April 7, the nest had one whole egg with a large hole in the side 
and one egg wijh a larger hole lay on the ground. No hawks were 
near. The material in the nest was disarranged. 

On March 20, 1925, a nest was found in the 4 timber one-quarter of 
a mile north of the nest that had been found in 1923. The female 
called from a near-by tree, but was not seen on the nest which ap- 
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peared to be nearly finished. Some new material was seen hang* 
ing over the edge. 

A female was brooding on a nest in the top of a tree in the bottom 
of a ravine on the bluff on March 18, 1925. The bird left the nest 
and flew overhead and called when persons passed through the tim- 
ber near the nest tree. 

On June 4, 1923, two young of this species were seen with one 
adult in the timber on the bluff. The young birds were able to fly. 
The adult was calling in the vicinity. 

Some individuals of this species were seen every month in the year. 

Buteo lineatus lineatus (Gmelin). 

Red-shouldered Hawk. (13.) 

Red-shouldered hawks were more common in August and Septem- 
ber than at other times of the year. They were seen flying over the 
bluff or perched in trees on the bluff or on the bar. 

A female that was shot on August 16, 1922, had a small frog and 
parts of several large insects in its stomach. Another was taken on 
September 2, 1922. Its stomach was empty. 

This hawk was present in other seasons of the year on May 6 
and 12, 1923; July 6, 37 and 18, 1923; and November 38, 1923 

Buteo swainsoni Bonaparte. 

Swainson’s Hawk. (.5 ) 

Two Swainson’s hawks soared over the bluff most of the afternoon 
of April 1, 1923. 

Buteo platypterus (Vicillot) . 

Broad-wmged Hawk. (8 ) 

The few records of this species are between April 21, 1924, and 
May 10, 1924, and between August 5, 1923, and September 1, 1923. 
It was usually found resting in trees on the bar or along the lower 
part of the bluff. 

Archibuteo lagopus sancti-johannis (Gmelin). 

Rough-legged Hawk. (1.5.) 

A rough-legged hawk was watched feeding over a field. It was 
flying from one hundred to one hundred and fifty feet above the 
ground, and was frequently poising. Once it dropped straight to the 
ground, but rose again in a few seconds. 

On October 21, 1923, one was circling high over the bar. On De- 



Linsdale: Birds in Eastern Kansas. 


539 


cember 1, 1922, one was perched in the top of a tree in a small patch 
of timber pn a hill one-half mile west of the bluff. 

Haliceetm leucocephalm leucocephalm (Linnseus). 

Bald Eagle. (2.) 

On January 29, 1923, crows chased a bald eagle over the bluff 
toward the lake where it stopped in a tree. Crows flew after one 
on February 17 and 18, 1923. On March 3, 1923, calling crows sur- 
rounded two that were in a tree on top of the bluff near the lake. 
The eagles flew short distances along the bluff, but they were always 
followed by the crows. 

Cerchneis sparveria sparveria (Linnaeus). 

Sparrow Haw^k. <1.5.) 

An immature bird of this species was shot from the top of a small 
tree on the Whittaker farm on September 5, 1922. On September 
10, 1923, one was seen on the telephone wires along the road two 
miles west of the river. On September 1, 1924, one was seen along 
the road one mile west of the river. 

Pandion haliceetm earolinensis (Gmelin). 

Osprey. (.5.) 

On August 11, 1922, one was flying high over the lake. It was 
moving south and towards the river. 

Asio wilsonianus (Lesson) . 

Long-eared Owl. (.5.) 

On March 30, 1924, a nest of this species was found twelve feet 
from the ground in a one-year-old crow’s nest that was in a cotton- 
wood on the bar. The tree was eight inches in diameter at the 
base. One owl was on the nest and another was in a willow about 
twenty feet away. When the bird on the nest was approached it 
stood up and, with spread wings, fluffed out its feathers. It flew off 
a distance of about twenty yards and called for a few minutes and 
then left. There were five fresh eggs in the nest. 

Asia flammeus (Pontoppidan) . 

Short-eared Owl. (3.) 

A scattered flock of about twenty short-eared owls was found 
south of the lake and about one-quarter of a mile from the river 
on December 2, 1922. At this point the grass was about eighteen 
inches high and the willow trees were scattered. Others were found 
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at the same place on January 25 and 26, 1923, and on March 8, 
1923. Pellets were collected from this place and their contents 
examined. They contained many skulls of Microtwa ochrogaster, 
Peromyacus spp., Reithrodontomys megalotix dychei> Mus musculus 
muaculua, Cryptotis parva, Blarina brevicauda, one Cardinalis cardi- 
nalis cardinalis, some Agelaius phoeniceus , and some Bmall Fringil- 
lidffi. 

Strix vana vana Barton. 

Barred Owl (2 ) 

A barred owl was flushed from a tree on the lower part of the bluff 
northwest of the lake on October 21, 1923. It flew across a small 
clearing and stopped in a cottonwood on the bar, where it was 
watched for about fifteen minutes. About an hour later the bird 
was again flushed from a tree on the lower part of the bluff. One 
was flushed from near this place on Npvember 4, 1923. It flew 
north along the lower part of the bluff The crows found the owl 
a few seconds after it moved and they began coming and calling. 

Cryptoglaux acadica acadica (Gmelin). 

Saw-whet Owl (.5 ) 

A female saw-whet owl was shot on March 30, 1923. It was sit- 
ting on a small branch of a willow and was close to and on the 
southeast side of the main trunk. The branch was four feet from 
the ground. The tree was twenty-five yards from the lower edge 
of the bluff and on the bar. The bird was shot at four o’clock in the 
afternoon, and its stomach contained the remains of a mouse. 

Otus asio asio (Linnaeus). 

Screech Owl (23 ) 

The screech owl was present throughout the year, and was fre- 
quently heard calling at night 

One in the gray color phase was killed in the E. V. Roundy bam 
in January, 1924. Another gray one was seen at a hole, ten feet 
from the ground, in a small tree below the road on the bluff. A 
group of smaller birds, that were calling, surrounded it. One was 
found in an old house northwest of the lake on April 14, 1923. 
Scattered pellets on the floor showed that the bird had been using the 
roost for several days. On April 22, 1924, one was flushed from a 
clump of roots under an overhanging creek bank. Several, which 
probably made up a family group, called and flew about in a yard 
on May 10, 1924. There were several holes in trees in the yard 
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that probably would have been suitable nesting places for this 
species. On May 13, 1923, one was found perched on a leafy branch 
in the top of a large elm tree along a road. On May 19, one week 
later, one was seen on the same branch. On the afternoon of June 
15, 1923, one was flushed from the center of a thicket of dogwood 
and grapevine along the lower edge of the bluff. On August 27, 
1923, one was flushed from the top of a tree along the lower part 
of the bluff. 

Bubo virginianu8 virginianus (Gmelin) . 

Great Horned Owl. (2.) 

Although this bird should have been found, and it probably was 
present throughout the year, there are records for its occurrence in 
only seven months. A great horned owl was found sitting in an 
open nest, with eggs, in the spring of 1922, by Mr. Charles Regnary 
The bird was shot. 

Coccyzus americanu8 americanus (Linnaeus). 

Yellow-billed Cuckoo. (825.) 

The yellow-billed cuckoo, although a very common summer resi- 
dent in this locality, was not seen in as large numbers as some other 
birds that were not so common. It is shy and solitary, and was more 
often heard calling than it was seen. It fed in the tops of the trees 
along the bluff, along the creek, and in the willows on the bar. A 
large number of nests was found, and accounts of some are given 
here to show the range in the nesting habits of this bird in this lo- 
cality. 

The earliest nest that was found was not complete on June 9, 1922. 

On June 12, 1923, a nest was found, ten feet from the ground, on 
a horizontal limb of an elm tree on the lower part of the bluff near 
the mouth of the creek. It contained two eggs. Ten yards farther 
south there was another nest with two eggs, which was ten feet 
from the ground and in a redbud tree. This nest was more bulky 
than the other. An adult carried a dead leaf to the nest in the red- 
bud. Both nests were partly shaded by larger trees. On the thir- 
teenth the nest in the elm tree contained broken shells and there was 
no bird on the other nest. On this date an adult was found sitting 
on a nest, seven feet from the ground, in a grapevine that was grow- 
ing over a horizontal limb of a small partly dead elm tree at the 
lower edge of the bluff. The bird left the nest, which contained two 
eggs, when it was approached to within ten feet. 

On June 16, 1922, a nest was found, four feet from the water, in 
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a fork of a willow among the stumps in the north part of the lake. 
No bird was on the nest, which contained three eggs. 

An adult was flushed from a nest, with three eggs, that was seven 
feet from the ground in a leaning pawpaw on the side of the bluff on 
June 25, 1923. The bird ^ew to the ground when the tree was 
shaken. 

A nest was found on June 27, 1923, which was on a horizontal fork 
of a lower limb of a walnut and seven feet from the ground. The tree 
was near the top of the bluff northwest of the lake and was ten yards 
from the edge of the timber. In the nest were three young birds with 
black quills, and one egg. An adult came about one minute after 
the nest was found, but after seeing an intruder, it stayed in a tree 
about fifty feet away and called. 

On June 29, 1923, a nest was found that was six feet from the 
ground in a rose bush that was growing over a small walnut near 
the top of the bluff. An adult was brooding four eggs. When dis- 
turbed it flew to a tree fifteen feet away, and then, drooping and 
shaking its wings as if they were broken, it flew on farther. 

On June 30, 1923, a nest was found in a box elder along a road 
by a cornfield. The nest was eight and one-half feet from the 
ground, in twigs near a horizontal limb one inch in diameter. An 
adult that was brooding three eggs left when the limb was shaken. 
Another adult that was in the tree also, left when the tree was ap- 
proached to within thirty feet. On the same date a nest was found 
eight and one-half feet from the ground in an Osage orange tree 
along a road. The nest was a little to one side of a horizontal limb 
and was partly shaded. An adult that was brooding four eggs flew 
off slowly when an intruder stood near the nest. 

On July 3, 1923, a nest was found five feet from the ground in an 
oak sprout along a road. The nest contained one egg and two young 
birds with black quills. The brooding adult left when it was ap- 
proached to within three feet. One of the young birds opened its 
mouth for food. On July 9 this nest was empty and its floor was 
covered with scales from the young birds. Another nest was found 
on July 3 that was in a dogwood one hundred yards north of this 
one. It was five feet from the ground and contained two eggs. No 
bird was near. On July 9 there were four eggs but no bird was seen. 

On July 14, 1923, a nest was found, four feet from the ground in a 
redbud six feet high, in a sprout field southeast of the lake. The nest 
was made of sticks and held four eggs. An adult was brooding. The 
sprout was surrounded by a thick growth of vegetation. 
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A nest five and one-half feet from the ground in a grapevine that 
was running over an ironwood, was found on July 15, 1923. There 
were five eggs in the nest. The sitting bird left when the vine was 
touched. 

On July 18, 1923, a nest was found, four and one-half feet from 
the ground, in sumac in a hog pasture which was on top of a hill. 
An adult was on the nest which held two eggs and three young, one 
of which had its eyes open, one had its eyes partly opened, and one 
had its eyes shut. This nest was two inches deep on the outside. 

A nest was found seven feet from the ground in a small willow, 
between the creek and a cornfield, on the bar. The nest had three 
eggs. The sitting adult left when approached to within fifteen feet. 

An adult was sitting closely on two eggs in a nest, six feet from 
the ground, that was found in a rough-leaved dogwood on the bluff 
on August 28, 1922. On September 2 there were young in the nest. 
The parent stayed on the nest until it was touched, and then flew 
only a short distance. It appeared to be not excited. The adult was 
on the nest on September 6. On September 10 the nest was empty. 

On September 9, 1923, an adult was brooding on a nest in the top 
of a medium-sized oak tree on the bluff. The nest was twenty feet 
from the ground. 

In afi, thirty nests of tins species were found in the two seasons. 

During the migrations, especially in the fall, this cuckoo was 
frequently found feeding with groups of the smaller transients. This 
-bird was late in arriving in the spring, and was not seen before May 
19 in 1923, and May 17 in 1924. In the fall the last one was seen 
on October 12, 1924. 

Coccyzus erythrophthalmus (Wilson). 

Black-billed Cuckoo. (3.) 

On May 19, 1923, a black-billed cuckoo was shot from the top of 
a small tree on the lower part of the bluff. One was seen near the 
ground in the willows on June 7 and one on June 10, 1923. On June 
23, 1923, one was seen along the lower part of the bluff that was 
carrying something in its mouth. On August 23, 1923, one was seen 
resting in the top of a small tree on the lower part of the bluff near 
the lake. It flew low over the bar about fifteen minutes later. On 
September 4, 1924, one was shot on the lower part of the bluff near 
the lake. It had part of a cicada in its mouth. 



544 


The Univbmsity Science Bclwik. 


Ceryle aicyon cdcyon Linnaeus). 

Belted Kingfisher. (25.) 

Rarely were more than one or two kingfishers seen in a single 
day. This species was often seen feeding at the lake, along the 
creek, and at pools, on the bar, below springs. Its rattling cry. 
could usually be heard as it flew up or down the creek. On April 20, 
1924, one called and stopped in a tree along the creek, where there 
were some holes in the bank in which it might nest. 

One was seen on March 30, 1923, and one on March 29, 1924. 
There is a record for March 21, 1925. The latest fall record is 
October 8, 1922. 

Dryobatea villosus vUlosus (Linnaeus) . 

Hairy Woodpecker. (39.5 ) 

From one or two to half a dozen hairy woodpeckers were seen on 
each day that the species was observed.' In the summer months 
they fed in the trees on the bluff, along the creek, and on the bar, 
During the winter months a good share of this bird’s time was spent 
in weed patches with small seed-eating birds, where it obtained food 
in addition to that which it got from the trees and the tree trunks 
in the timber. 

Two birds were making trips with food to a tree in the creek 
bottom on April 29, 1923. They took turns going into the hole, 
which was twenty feet from ‘the ground and on the southwest side 
of the tree trunk. Once one waited for the arrival of the other 
before leaving, but usually each was in the hole for a short time only, 
and one did not wait for the return of the other. They made trips 
from 11:30 until noon. 

One was feeding in a shed near the creek on February 5, 1924. 

Dryobatea pubeacens medumua (Swainson). 

Downy Woodpecker. (89.) 

Several of these woodpeckers were seen almost every day that 
records were kept. They fed over the whole area where there was 
enough vegetation to insure a food supply. In the fall and winter 
they were nearly always prominent in the small flocks of birds that 
moved through the timber and the weed patches in search of food. 
The call note of this bird and the sound which it made in pipking 
for food was always an indicator that a feeding flock of birds was 
near. 

On January 28, 1923, one was seen going to roost in a hole in a 
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tree, growing in a yard, at five o’clock in the afternoon. It flew out 
after the limb was struck several tames with a gas pipe. 

One was digging a hole in a large elm at the side of a road on 
May 4, 1924. On May 12, 1924, a pair was seen on a dead willow 
along the creek. The female was working on a nest, twenty-five 
feet from the ground and on the southeast side of the trunk. The 
male approached the female, and both flew to a near-by tree where 
mating took place, and the female returned to work at the nest. On 
May 19 one of the pair entered the nest three times within half an 
hour. 

Young birds called loudly in a nest, eight feet from the ground 
in an apple tree, in an orchard on June 3, 1923. An adult was seen 
carrying food to them. On June 4 a bird flew out of a hole in an 
apple tree thirty-six steps away from this nest. On this date a 
nest was found in a dead stump in the bottom of a ravine which 
contained young. The nest hole was fifteen feet from the ground. 
Both parents came and called very nervously in the vicinity. 

A nest was found on June 7, 1923, that was seven feet from the 
ground in a willow stump on the north side of the lake. Young 
birds inside the stump called loudly, and the parents called excitedly 
from near-by stumps. The young were still in the nest on June 12. 

A group, probably made up of the birds of one family, was found 
feeding along the bluff as early as June 26, 1923. 

Sphyrapieus varius varius (Linnaeus). 

Yellow-bellied Sapsucker. (5.) 

One that was watched, that was feeding on a tree trunk on the 
bluff on March 18, 1925, flew after other birds, especially wood- 
peckers, that came near. 

Melanerpes erythrocephalus (Linnaeus). 

Red-headed Woodpecker. (655.) 

Red-headed woodpeckers were more restricted in their local dis- 
tribution than were the other species of woodpeckers, and so they 
were present in fewer numbers than were the other species. In sum- 
mer they were found feeding in the larger, leafy and dead or dying 
trees. In winter the few that were present lived chiefly on acorns, 
which were produced in abundance in this area. One that was killed 
on the Whittaker farm on October 24, 1924, was carrying acorns. 
These woodpeckers were often found in the Jarge dead trees at the 
edges of openings in the timber. These trees were used as perches 
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from which the birds made short flights into the air to catch flying 
insects. One was seen taking corn from a crib on July 1, 1923. This 
species was commonly found on telephone poles along the roads. 

An adult was flushed from a hole in a dead tree along a road on 
June 6, 1923. On June 8 a pair was feeding young birds in a hole 
in another tree. The parents were feeding young in this nest on 
June 28 and 30. On July 9 they were feeding their young in a tree 
across the road from the nest. On July 11 these young were seen 
as far as two hundred yards from the nest tree. On August 21, 1922, 
an adult was feeding young in a nest twenty-five feet from the 
ground in a dead tree along a road. 

The regular summer residents were present between March 21 and 
September 24. Dates of winter occurrence are January 24 and 
February 17, 1923, and October 25, 3924. 

Centurus carolinus (Linnspus.) 

Red-bellied Woodpecker. (65.) 

This woodpecker was found in small numbers almost daily 
throughout the year. It was most often seen in the timber along the 
bluff near the creek. Yards and- orchards were frequented regularly. 
Although most of the feeding was done in these places, the bird was 
seen a few times feeding in other situations. On June 8, 1923, a pair 
was seen gathering food from the ground in a road. On February 
7, 1924, one was eating corn at a crib in a yard. One flew into a 
mulberry tree along the bluff on July 7, 3923, and picked off two 
ripe berries which it ate. It picked one of the berries while on the 
wing. One was feeding on dogwood berries on the lower part of the 
bluff on September 8, 1923. 

A red-bellied woodpecker was calling, in a hole twelve feet from 
the ground, in a willow stump along the creek on April 21, 1924. It 
left when the stump was hit. On April 29, 1923, one flew to a hole 
in the top of a tall, dead stump on the north side of the creek. An- 
other bird left, and for about ten minutes the arrival stayed on the 
side of the stump. Then it went inside and stayed, with its head 
out, for about ten minutes. On May 12 an adult came and entered 
this hole. After a few minutes another came, and the first bird left. 
It returned after about five minutes, and after it stuck its head into 
the hole the other bird left. This bird entered and remained for as 
long as the hole was watched — about fifteen minutes. On May 19, 
1923, a parent was feeding young birds at this nest. It entered the 
nest hole with food three times within eight minutes. On each trip 
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it went in a different direction to get the food. An adult was seen 
carrying food to this nest on June 3, 1923, and on June 8. 

A parent was feeding young in a hole in a living elm in a ravine 
along the bluff on June 15, 1922. A family of young, just out of the 
nest, was being fed near there on June 21. 

Parents were seen feeding young, just able to fly, on June 6, 1922, 
and on June 25, 1923. The last mentioned family was seen in an 
orchard, and was composed of birds which were able to fly, but that 
had trouble in getting a foothold on the limbs on whioh they alighted. 

A red-headed woodpecker was observed to chase a red-bellied 
woodpecker out of a large dead tree along a road on September 4, 
1923. 

Colaptes auratus luteus Bangs. 

Northern Flicker. (38.) 

The northern flicker was present in small numbers, but it was 
not so numerous as to be found daily. Individuals were found feed- 
ing in the timber along the bluff, on the bar, along the creek, and in 
yards. A few times it was seen on the ground or on dead stumps. 
On September 4, 1923, one was seen going to roost in the side of a 
building where there was a hole, in Doniphan. The loud call note 
of this bird was often heard on the bluff. 

One flew out pf a hole, thirty feet from the ground, in a dead 
stump at the edge of the lake on June 10, 1923. On June 12 a bird 
flew out of the same stump when the base was hit with a stick. This 
stump was blown into the water by a storm on June 27. 

Although this species was present throughout the year, it was 
found in greater numbers during the seasons of migration than at 
other times. Flocks were seen moving south in the fall. A flock of 
over a dozen birds was in the Roundy yard at six o’clock in the 
morning of September 24, 1922. On October 7, 1922, a large flock 
was moving in a loose formation down the river. They stopped in 
the cottonwoods and other trees as they moved. A flock was scat- 
tered in the tops of the trees and slowly moving south on the lower 
part of the bluff on October 11, 1924. On February 17, 1923, a 
flock of fifteen or twenty was feeding half way to the top of the bluff. 

Antrostomus vociferus voeijerus (Wilson). 

Whippoorwill. (46.) 

Birds of this species were heard calling in the timber at night 
during the summer. Once, May 3, 1924, ope was heard calling in 
the daytime. This was at nine in the morning. Occasionally one or 
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two were flushed from the ground in thick growths on the bluff. On 
August 26, 1921, one was shot out of a tree on the side of the bluff. 
It was perched crosswise on the limb which was twenty-five feet 
from the ground. 

On June 16, 1923, two eggshells were found on the ground among 
growths of dogwood on the bar north of the lake. 

A whippoorwill was flushed from one egg, on the ground twenty- 
five yards from the edge of the timber on the bluff west of the lake, 
on June 14, 1923. The bird flew about thirty feet and settled on the 
ground. Then it flew on a few feet and stopped on a limb of brush 
and perched, with its body parallel to the limb. It then flew in a 
circle toward the edge of the timber. The timber at this place was 
rather open .underneath, there being few weeds or saplings. Elm, 
walnut and oak trees were growing near by. The egg was light with 
a few splotches. On June 21 there were two eggs. On this date the 
adult fluttered away when approached, moving only about two feet 
at a time and acting as if its wings were broken. An adult was 
sitting on the eggs on June 28. It flew off and went to a small piece 
of brush about ten yards away where it sat with dropping wings. 
The eggs were being incubated on July 3, nineteen days after the 
first one was found, but on July 6 a diligent search showed no traces 
of either eggs or young. 

April 18, 1924, was the earliest date on which this species was 
heard calling, and September 10, 3923, is the latest date on which it 
was heard in the fall. 

Chordeiles virginiamis virginianus (Gmelin). 

Nighthawk. (7.) 

Nighthawks were found only during migrations. They were 
nearly always found in flocks that flew in a southwesterly direction 
over the lake, and fed as they moved over the water in the fall flight. 
Even when not flying over the lake they usually moved in the same 
direction, i. e., southwest. In the afternoon of August 27, 1921, one 
was shot from a horizontal limb in a large tree in a yard. Most of 
the flying birds were seen in the evening or late afternoon. 

The only record for spring is May 17, 1924, when one bird was 
seen. Fall records are between August 23 and September 23. 

C hcetura pelagica (Linneus). 

Chimney Swift. (59.) 

Chimney swifts were seen flying over the tops of the trees on the 
"bluff and on the bar, over, the lake, and over groups of farm build- 
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mgs. Only a small number was present except during the time of 
migration. 

Young birds, nearly ready to leave the nest, were seen in a nest 
in a chimney in the E. V. Roundy house on July 18, 1928. The 
nest was eight feet below the top of the chimney. Adults were 
flying overhead. 

April 22, 1924, is the earliest date of occurrence in the spring, 
and October 11, 1924, is the latest fall record. 

Archilochus oolubris (Linnseus). 

Ruby-throated Humming Bird. 455.) 

Humming birds were not conspicuous, and so they were not seen 
every day. The species became very common in late summer and 
during the early fall migrations. In summer this species fed at 
flowers in gardens and on the bluff. In the late part of the season 
individuals extended the territory over which they ranged, and were 
found often in fields and on the bar. In August and early Septem- 
ber they spent a great part of their time on the bar, feeding at the 
jewelweed which blooms at that season. A part of their time was 
spent resting on dead limbs and flying after one another. On August 
14, 1922, one was seen flying through a cornfield. One was hovering 
at the end of a water pipe at a spring and drinking water on Septem- 
ber 6, 1922. Birds of this species were usually found alone, the 
largest group found together at one time being three. This group 
was seen feeding in the willows on August 10, 1922. 

The short, squeaky call note of this bird was heard several times. 

All the humming bird’s nests that were located, except one, were 
on the bluff. That nest was in the creek-bottom timber. 

On June 10, 1922, a nest was found saddled on a horizontal twig 
three-eighths of an inch in diameter at the end of a branch of a large 
oak tree at the side of a road. The nest was twelve feet from the 
ground. A female spent most of an hour on near-by twigs. On 
June 17 the nest was empty. On June 24 the female was sitting on 
the nest. On June 26 no bird was in sight and the nest, which con- 
tained two eggs, was removed by cutting the twig which supported 
it. On August 5 *a nest was found on another twig which was two 
feet away from the location of the one found first. The second nest 
appeared to be smaller than the first one had been. No bird was 
near. 4 

On June 4, 1928, a female was building a nest fifteen feet from the 
ground in an ironwood tree in the timber along the creek. The 



550 


The University Science Bulletin. 


limb which held the nest was three-fourths of an inch in diameter. 
The nest was found at 2:30 p. m. The bird worked until 2:40 p. m M 
when it stopped and was not again seen until 3, when it resumed 
nest building. From twenty seconds to two minutes were required 
for each trip to gather material, and about twenty seconds were 
spent at the nest on each trip. The bird, with the new material to 
be added, stood at the edge of the nest and added the material to 
the outside of the wall and to the limb, drawing the bill from one 
side to the other in the process. At least a part of the nest material 
was gathered from trees while the bird was on the wing. 

On June 18, 1923, a nest was being built twenty feet from the 
ground on a branch of a hickory tree that was one-fourth inch in 
diameter. The nest was eight feet from the main trunk. The tree 
was on the top shelf of the bluff. After bringing coarse material for 
three trips, and placing it on top and at the edge of the nest, the 
bird brought some finer material which il! drew from the limb over 
the outside of and toward the edge of the nest. Then it brought more 
coarse material. There were a few rest periods which the bird spent 
on near by dead twigs. The material was gathered from near the 
ground and while the bird was on the wing. Another nest was found, 
twenty-five feet from the ground, in an oak tree on the side of the 
bluff on that day. A female visited it once while it was being 
watched. 

An adult was seen brooding on a nest on a horizontal limb of an 
oak tree on the side of the bluff. The nest was eighteen feet from the 
ground and on a branch which was three-eighths of an inch in di- 
ameter. The female left the nest once to fly after a tufted titmouse 
that came near. 

A nest was found, saddled on a triple horizontal fork of a hickory 
tree on the side of the bluff on July 2, 1923. A bird went to the nest 
once, then left and after sitting on a dead limb for a few minutes, it 
returned to the nest and began brooding. One brooding adult left its 
nest several times to chase a Kentucky warbler from the tree which 
held the nest. 

On July 14, 1923, a nest was found twelve feet from the ground 
and two feet from the end of a limb of an oak tretf on the bluff west 
of the lake. The female left the nest when it was approached, but 
stayed in the vicinity for several minutes. 

The season of summer residence of the ruby-throated h umming 
bird extended from May 19 until September 15, 1923. In 1922 the 
last bird seen was noted on September 7. 
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Tyrannus tyrannm (Linnaeus) . 

Kingbird. (445.) 

A few kingbirds were present all summer on the ground studied, 
but the species was much more common during the seasons of migra- 
tions. In summer this bird was found along roads, in trees at the 
edge of timbfer on the bluff, in yards, and along creeks. It fed most 
often in places where flying insects were abundant. On August 18, 
1923, seven were feeding from the top of a dead tree at the edge of 
a cornfield. They singly made trips, some of them more than one 
hundred yards in length, over the cornfield, where they caught in- 
sects. In the latter part of August and first of September, 1923, a 
flock stayed in the dogwood trees along the lower part of one por- 
tion of the bluff. Here the birds fed on the ripened berries. During 
the fall season of migration this bird was seen daily in trees and 
bushes along the river, creek and lake. From these perches the 
birds flew out over the water to catch insects. 

Kingbirds were found occasionally on telephone wires along the 
roads and on wire fences. On May 17, 1924 one was making feed- 
ing trips from a dead stick in a patch of Typha in the lake. On 
August 30, 1923, several were flying over the lake. They settled in 
the thick growth of weeds in the water. On May 8, 1924, two flocks 
of about ten each were seen in a field along a road. 

The kingbird did not commonly nest within the limits of the area 
studied, but a few nests were located near by where conditions were 
similar to those within the area. On June 17, 1922, a nest was found 
twelve feet from the ground in an apple tree on the Whittaker farm. 
Here one adult was brooding two eggs and one was perched on the 
top of the tree. On June 23, 1923, two nests were found, each about 
twelve feet from the ground, in sycamore trees at the edge of Doni- 
phan lake. One was on a horizontal limb and was eight feet from 
the main trunk, and one was in a crotch formed by a branch and the 
main trunk. 

May 6, 1923, is the earliest spring record for this species and Sep- 
tember 10, 1923, is the latest date of occurrence in the fall. The 
latest record in 1922, is September 10. 

Myiarchus crinitus (Linneeus). 

Crested Flycatcher. (37.5.) 

A few pairs of crested flycatchers nested in the timber along the 
bluff each summer. They fed along the bluff, in the willows on the 
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bar, and in the timber along the creek. They were frequently found 
perched in the tops of dead trees. 

Although there is no actual nesting record, there is some evidence 
that these birds nested in holes in trees on the bluff. On June 13, 
1923, a pair was watched at a stump in which there was a hole. Each 
in turn called and, with rapidly moving wings, havered before 
the other. 

The period of summer residence of this bird extended from April 
29 to September 15 in 1923. In 1923 it was not found after Septem- 
ber 4. Crested flycatchers were present in small numbers in the 
flocks of small transients, which fed together in the early part of the 
fall migrations. 

Sayomis phoebe (Latham). 

Phcebe. (31.) 

The phcebe is rather restrictive in its choice of habitat. As there 
were not suitable locations for a large dumber, only a few pairs 
remained to nest in this area. These stayed in the vicinity of build- 
ings, especially those that were not used a great deal, bridges, and 
a few cut banks that were suitable. Near these places, the birds 
perched on dead branches or other supports and waited for suitable 
insect food to come near. 

On April 15, 1923, a pair was building a nest on top of a stringer 
in a hog shed. Only one bird brought material to the nest. It 
gathered sticks from the ground and carried them into the shed 
from different directions. This bird’s mate stayed within one hun- 
dred yards of the nest. After four or five trips to the nest the bird 
flew to a near-by box elder tree to feed. It hovered near, and picked 
off insects from the twigs and buds. The air was too cool for many 
flying insects, the temperature being forty degrees. An adult was 
on the nest on April 28 and on May 13. On May 19 the nest was 
empty. A nest in this shed in the 1924 season had four eggs on 
May 11. A bird was near, but none was on the nest. 

A nest was found four feet from the ground on a wall of rock 
along the creek on April 22, 1924. It contained five eggs. The rock 
projected out over the nest. 

On April 28, 1923, a nest was found on the side of a vertical bank 
of loess along the creek. The lower part of the nest was oomposed 
chiefly of mud, and it was lined with moss. There were three eggs. 
This nest was on a level with and was five feet away from one in 
a similar position that had been built and used during the previous 
season. On May 12 there were four eggs in the 1923 nest 
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A nest with three eggs was found in an old deserted house on 
June 5, 1923. No birds were near. A bird was brooding on June 13. 
On June 27 the nest was empty. 

A phcebe was catching insects at a small pool in a ravine on July 
10, 1923. The insects were on the surface of the pool. This was 
one of the hottest days of the season. 

A small flock was perched in the willows, where they were catch- 
ing insects over the water, in the northeast part of the lake, on 
August 23, 1922. 

During the migrations this bird was often seen, in the tops of 
trees along the bluff, in flocks of other migrating birds. It was 
most numerous in those situations during the last part of August. 

In 1923 this bird was first seen on March 30. In 1924 the earliest 
record is March 29. The first was seen in 1925 on March 19. The 
latest fall record is September 24, 1922. 

Nuttallomis borealis (Swainson). 

Ohve-sided Flycatcher. (2 ) 

This flycatcher was found on only four days, all of which were 
in the fall On August 27, 1921, one was shot out of the top of a 
tree on the side of the bluff. Its loud call attracted attention to 
the bird. On September 3, 1924, one of two young birds was shot 
in the top of a large dead tree in a yard. One was feeding from the 
top of a dead tree along a road on the bluff on September 8, 1923, 
-and one was seen in the same kind of a location on September 11. 
1923. 

Myiochanes virens (Linnaeus). 

Wood Pewee. (47.5.) 

A few individuals of the wood pewee were seen daily in the 
summer. They were distributed uniformly through the timber on 
the bluff and along the creek. They were usually seen in the tops 
of the larger trees. The locations of individuals of this species 
were most easily determined by hearing their distinctive call note. 

On June 21, 1922, a nest was found on a fork of a horizontal limb 
of an oak tree and twenty feet from the ground. One bird was 
perched in the top of the tree. Another flew out from the 'nest, and 
the two flew after a blue jay and chased it from the vicinity of the 
nest. 

A nest was found on June 25, 1923, which was near the end of a 
limb of a large sycamore at the edge of thte bar. The nest was 
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twenty-two feet from the ground. An adult that was os the meet left 
and flew to a near-by cottonwood on the bar. An adult was brooding 
on this nest on June 30. 

A wood pewee chased a blue jay away from an oak tree on the 
bluff in which there was a nest twenty feet from the ground on June 
28, 1923. 

Adults of this species were heard calling in a sycamore tree in 
which there was a nest thirty feet from the ground and on a limb 
one-half inch in diameter which sloped upward, making an angle of 
more than forty-five degrees with the horizontal. The nest was 
fifteen feet from the main trunk and four feet from the end of the 
limb. It was partially shaded. No other trees were growing near 
the nest tree. There were downy young in the nest. 

The latest record for 1922 is August 30. None were seen after 
August 27 in 1923. In 1923 the first was found on May 19. The 
first 1924 record is May 18. ' 

Empidonax mrescem (Vieillotl. 

Acadian Flycatcher (5) 

A few pairs of this species “were summer residents of the area. 
They were found on the lower parts of the bluff and in the ravines. 

A nest was found along the lower edge of the bluff on June 14, 
1922. It was hanging near the end of a branch of an elder and was 
five feet from the ground. There were three eggs in the nest. In 
the lower part of the nest, covered with some of the nest material, 
there was an egg of the cowbird. The eggs and the female were 
taken on June 15. The eggs were slightly incubated. 

On June 26, 1923, a nest was found hanging in the end of a branch 
of an oak and six feet from the ground. The tree was on the side of 
a ravine, and was twenty yards from the edge of the timber near 
the top of the bluff. The nest was two feet from the end of the limb 
and fifteen feet from the main trunk of the tree. It was made al- 
most entirely of the dried staminate flowers of oak. Some of these 
hung by the ends and gave the nest a ragged appearance. There 
were two young in the nest covered with white down. Each had 
feather tracts and their eyes were not yet open. One adult was 
brooding and another was calling from near by. The bird on the 
nest left when it was approached to within ten feet. 

The only record for the migration season is August 29, 1922, when 
one was taken on the side of the bluff. 
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Empidonax traiUi alnorum Brewster. 

Aider Flycatcher. (4JS.) 

One was found in the willows north of Doniphan lake on June 7, 
1921. Dates on which this bird was taken are August 22, 1921; Au- 
gust 25, 1922; August 21, 1921 ; August 31, 1922; September 1, 9 and 
10, 1922; April 28, 1923; and May 19, 1923. It was usually found 
with other small transients in willows and the smaller trees on the 
bar. 

Empidonax minimus. (W. H. & S. F. Baird) . 

Least Flycatcher. (8.5.) 

The least flycatcher was a fairly common transient. It was found 
with other small birds on the lower part of the bluff, along the creek, 
and on the bar. It was usually feeding or calling near the ground. 
Several collected. The records are between April 28 and May 20, 
1923, and May 8 and 17, 1924. Fall records are between August 23 
and September 4, 1922. 

Otocoris alpestns praticola Henshaw. 

Prairie Homed Lark. (2.) 

The prairie homed lark is a resident on the cleared portions of 
the hills which are back away from the river. It was rarely found 
within the bounds of the area studied. On April 8, 1923, Mr. Frank 
Whittaker reported that he had found a nest with five eggs the pre- 
vious week. It was on the ground in a wheat field on his farm. His 
description of the nest, eggs and bird agreed with that of this species. 
The location and the season make it almost certain that he found 
the nest of this species. 

Two were seen along a road on June 22, 1922. 

Pica pica hudsonia (Sabine). 

Magpie. (A.) 

A magpie was killed on the Whittaker farm in January of 1922. 
The bird was mounted and is the property of a man named Byer 
who lives in Troy, Kan. For several days before the bird was killed 
it was seen with flocks of crows flying up and down creeks on the 
farm. 

Cyanocitta cristata cristata (Linnaeus). 

Blue Jay. (935.) 

Several blue jays were seen daily throughout the year, but they 
were much more conspicuous and more easy to locate in the winter. 
In the summer they were found scattered over the bluffs and along 
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the creeks wherever there was timber, and occasionally one or two 
were seen in the willows on the bar. This species was often seen in 
the trees around houses and farm buildings. During the winter it 
was found along the blufF and the creek, where it fed on or near the 
ground most of the time. Individuals were often seen high in the air 
flying from one part of the area to another. The loud call of this 
bird was heard for long distances over the bluff and across the 
valley. 

Although a few pairs nested on the bluff away from houses, all 
the nests that were found were in large trees in yards or very near 
farm buildings. The nests were much closer together near the build- 
ings than they could have been in other parts of the area, according 
to the number of pairs that were resident in the whole area. It is 
evident that these birds made a definite choice for those suitable 
nesting sites that were near a human habitation. 

On April 20, 1924, a pair was building a nest twenty feet from 
the ground in a maple tree in a yard near a farmhouse. One of the 
pair brought material and gave it to the other, and that bird placed 
it on the nest. On the same day another bird carried material to 
a nest on a horizontal limb of a large elm along a road. This nest 
was twenty-five feet from the ground. On May 8 two more nests 
were located in the yard in which the first mentioned was found. 
An adult was working on a nest in a large maple and twenty-five 
feet from the ground. An adult was brooding on the other nest, 
which was also twenty-five feet from the ground, and which was 
in an elm tree. On May 17 another adult was brooding in another 
elm close by along a road. This nest was thirty feet from the ground, 
and Was on a limb which sloped upward at an angle of forty-five 
degrees from the horizontal. All five of these nests were within 
one hundred yards of one point, and all were occupied at one time. 

A blue jay was carrying straw to a large elm on April 28, 1923. 

A nest was seen in the yard, mentioned above, on June 3, 1923. 
It was twelve feet from the ground on a limb of an elm that sloped 
up at an angle of sixty degrees from the horizontal. The tree was 
within fifteen feet of a house. No birds were seen near. An adult 
was on the nest on June 4. On June 5 at 1 p. m. a bird brought food 
to the one on the nest and then left. A blue jay chased p robin out 
of this tree on June 15. That was the third time that that pair of 
blue jays had been knpwn to clash with robins in that season. The 
parents were feeding young in this nest on June 22. Three young 
* were seen in the nest on July 3. The wing feathers of one were pro- 
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jecting one-fourth inch beyond the sheaths. The feathers of an- 
other were still in their sheaths. Two of the young opened their 
mouths for food when they were disturbed. The backs of the young 
were covered with a dark-colored down. The nest was made of 
sticks and was lined with rootlets. After a few minutes one of the 
parents came and called excitedly. On July 8 the young birds called 
loudly while they were being fed. More than one was fed at each 
trip of a parent to the nest. On July 9 the young were seen standing 
in the nest and exercising their wings. On July 10 the young crawled 
out on a limb at least a foot away from the nest. Just after a rain 
on July 11 the birds crawled out of the nest and were flapping their 
wings. A large pilot snake was seen crawling up the tree. After 
an attempt to knock the snake out of the tree with rocks failed, a 
trip was made into the tree after it, but it had already reached the 
nest and had the head of one of the young birds in its mouth. The 
bird cried out two or three times. After it was pried out of the 
snake’s mouth it fell to the ground dead. When the snake was 
dropped to the ground it at first started to crawl toward the dead 
young bird, but it later changed its course and crawled rapidly away. 
One of the remaining young birds fell out of the nest half an hour 
later. After it was dried it was thrown into the tree where it clung 
to one of the branches. Later, it crawled along the limb, but it 
finally fell to the ground and hopped away into the weeds near by. 
Neither parent was near the nest all this time. All the young were 
thoroughly wet after the rain. The remaining young bird was seen 
in the tree and near the nest on the morning of July 12. The parents 
were present in the morning, but the nest was empty in the after- 
noon, and no trace of the family was seen afterward. 

On June 14, 1923, a nest was found thirty feet from the ground 
in a maple tree that was thirty-six steps away from the tree in which 
the last -described nest was located and which was in the same yard. 
An adult was calling excitedly, and a young bird just out of the 
nest was perched on a small limb of the tree and about five feet 
from the giound. The tail of the young bird had not yet grown out. 
Its color was lighter than that of the adult. 

A nest was found in a box-elder tree in the above mentioned yard 
on June 16, 1922. 

The earliest indication of flocking of birds of this species was 
noticed on July 13, 1923, when a group of f 9 Ur was flying together 
down the creek valley. Two of the group stopped in the tops of a 
large tree and began calling, while the other two kept on their way. 
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Ob July 14 a larger flock was calling loudly from the trees along 
the creek. Small flocks were found in the spring until about the 
first of April, when they began to break up into pairs for the com- 
ing nesting season. 

This was one of the most quarrelsome species of bird in the area, 
and it was often either attacking other species or being the object 
of attack. The robin, wood pewee, blue-gray gnatcatcher, red- 
eyed vireo, and some other species showed at various times a ten- 
dency to be unfriendly with the blue jay. 

Corvus brachyrhynchos brachyrhynchos Brehm. 

Crow. (98.5 ) 

The crow is one of the dominant birds of the area. Some in- 
dividuals were found almost every day during the work. The num- 
ber present varied from a few scattered ^pairs to flocks of several 
thousand, according to the time of year. This was one of the most 
conspicuous species present, and its presence could nearly always 
be determined with a few minutes’ observation. 

Crows fed on the bluff, m fields, on the bar, on newly-formed sand 
bars in the river, and at the Take. Especially in the winter large 
flocks were to be found at all times of the day in some part of the 
lake or perched in the near-by trees on the bar. The birds walked 
on the mud at the edge of the water, and when the water was low 
or was frozen they scattered over the lake and picked up various 
kinds of plant and animal food. 

On March 30, 1923, one was seen flying over the lake. It paused 
in the center and stopped in the shallow water. It then moved a 
short distance and picked up an object from the water which it car- 
ried to the shore and began eating. The bird was driven from its 
meal, which upon investigation proved to be a gar pike ( Lepidosteus 
platystomus) about eight inches long. Another crow picked up some 
small object in the water, which it carried to the shore and began 
eating in the same way. Two other attempts to catch fish, that were 
made by crows flying across the lake, were failures. 

The large crop of Nelumbo seeds that was produced each year 
furnished an easily obtainable food supply for the flocks of winter- 
ing crows. The stalks which bore the ripened seeds did not usually 
fall below the surface of the shallow water in which the plant grew, 
and it was easy for a crow to pull off one of the heads full of seeds 
and carry it to some place on the shore to pick them out to be eaten. 

► Sometimes the seeds were not carried away to be eaten, but they 
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were pulled out of the heads, cracked and eaten where they were 
found. Empty shells of the seeds of this plant and empty heads 
were found scattered over the bar and the bluff near the lake. From 
the first of December until the first of April this plant furnished one 
of the important sources of food for the wintering crows. Of course, 
several other kinds of food were available at the lake and near 
by on the bluff and on the bar, but they were usually present in 
lesser abundance. 

Qn January 27, 1923, a large flock of crows was feeding in a 
burned-over field. Another flock was feeding on the ground in the 
willows near the lake, where the leaves and weeds had been burned. 
On January 28, 1923, a crow was feeding on a rabbit that had been 
used to bait a trap. 

About two hundred crows were feeding all day of March 30, 1923, 
on a ten-acre cleared field on the bar that was being plowed. The 
field was being plowed in one “land” from the outside to the center. 
The feeding crows were watched when three-fourths of the field had 
been plowed. They were scattered entirely around the field and 
were chiefly on the inside furrow, or the one that had been plowed 
last. Those birds in front of the plow moved ahead and those be- 
hind kept close, so that practically all the exposed dirt was searched 
over by the feeding birds. In one trip of rapid walking around one 
of the open furrows thirteen white grubs, three beetles ( Lachno - 
sterna ) , one pupa of a beetle, and another kind of insect larva, were 
picked up, and a like number of earthworms was seen. This was 
probably very much less than the amount eaten by the crows in each 
furrow. The total amount of animal life eaten in this field in a 
day must have been large. The birds were continually arriving 
and leaving, but the number feeding did not change greatly. The 
near-freezing temperature might have killed the grubs if the crows 
had not been present. These birds were much more tame in this 
field than in other parts of the bar. 

A stomach of a crow that was shot on January 26, 1923, contained 
one part insects (Hemiptera) and thirty-three parts com. The 
stomach of one shot on January 27, 1923, contained eight parts com, 
one part insects, and a few spiders. One that was collected on Jan- 
uary 28, 1923, had in its stomach the equivalent of six grains of 
com and one' grain of wheat. At the time when these birds were 
collected, practically all of the com from the vicinity in which they 
were feeding had been gathered, and they could have obtained 
scarcely any except that which had been left in the field and which 
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was waste. The contents of four other stomachs that were taken 
from birds that were killed in the winter were much the same as 
these except that two of them contained the remains of seeds of 
Nelumbo lutea. 

Not a single instance of damage by the feeding of crows was noted 
in this area during the time of observation, and the facts obtained 
show that within this area and at the time of these observations the 
crow was almost entirely beneficial. 

A large flock was feeding on the carcass of a dead pig that was 
on the bar on February 6, 1924. 

On winter days crows were often found perched in trees on the 
bar or on the bluff, where they were usually in small flocks that were 
calling. Although there were no winter roosts within this area, crows 
were seen flying up the creek valley nearly every morning in winter, 
and some were seen flying down the valley toward the east nearly 
every evening. Usually they flew over the river and a little north of 
east. 

On March 2, 1924, one was chasing another into the air and one 
was calling. The flocks were not so condensed, and the birds called 
more than they had at other tfmes during the winter. 

At one place on the bar, on March 31, 1923, a crow gave a call 
note of alarm. Immediately several hundred others assembled from 
every side, but after flying overhead and calling for a few minutes 
they left. Fifty yards away a nest was found that appeared to be 
one of the season and unfinished. Another nest was found on the 
bar on the south side of the creek. Near it an adult called and left. 
On April 1, 1923, a nest was found thirty-five yards away from the 
last-mentioned nest, and another was found fifty yards from the 
latter. Another bunch of new nest material was found in a near-by 
tree. All the nests were in cottonwood trees, and they were unoc- 
cupied. All the crows that were noted seemed to be restless and to 
be preparing to nest. Often pairs would leave a flock to fly after 
one another. On April 7 another nest was found in the group on 
the bar south of the creek. It was twelve feet from the ground in a 
cottonwood tree and contained one egg. One of the nests in this 
group was empty, one held three eggs, and another held five eggs. 
The crows flew from the nests without making much noise. One bird 
was sitting on one of the nests on April 28. 

On April 20, 1924, a brooding adult left a nest that was twenty- 
five feet from the ground in a medium-sized elm along the creek. 
The bird did not fly until the tree was struck. 
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A family of young crows, just able to fly, was found with a pair 
of noisy adults in the timber near the bluff on May 29, 1924. A fam- 
ily of young birds was leaving a nest, on the bar, that was fifteen 
feet from the ground on June 8, 1922. 

A nest was found twenty feet from the ground in an oak tree in 
a ravine on the Whittaker farm on June 11, 1922. The nest was one 
hundred yards from a Cooper’s hawk nest. There were three or 
four young birds, without feathers, in the nest. No adults were seen 
near by in the morning or in the evening. 

Large flocks of crows were usually found on the area from early 
fall until early spring. When moving from one place to another 
the flocks did not usually move together, but moved in smaller 
groups that followed one another. 

On February 17, 1923, a mounted great horned owl was placed in 
a tree near an old house on the bluff north of the lake. At 3:30, 
or one hour after the skin was placed in the tree, the crows dis- 
covered it and began calling. Within five minutes twenty-five or 
thirty were calling in the near-by trees. At 3:36 one of the birds 
was shot. Most of the others left. After one minute they began 
to return. Then they left, except three which stayed for five 
minutes. They may have noticed a movement in the building or 
they may have discovered the fraud. Whenever an owl or a hawk 
was flushed it was usually discovered and surrounded by a flock of 
crows within a few minutes. 

A much larger number of crows was present during the winter 
and the seasons of migration than during the summer, when they 
were usually scattered. 

Molothrus ater a ter (Boddaert). 

Cowbird. (46.) 

The cowbird was found almost daily during the summer. It was 
usually found singly or in small groups of three or four. It was 
found in willows on the bar, along the creek, and in trees on the 
bluff, as well as on the ground in the fields and pastures, where it 
was often associated with feeding herds of stock. 

Females of this species were often seen in the summer, crawling 
among the branches of trees on the bluff and on the bar, searching 
every limb, presumably for nests of other birds, in which the cow- 
birds might lay their eggs. Species in whose nests cowbird’s eggs 
were found or that were seen feeding youhg cowbirds are: Em- 
pidonax viresoens, Spiza americana, Cyanea passerina, Vireosylva 
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olivacea, Ict&ria virens virens, Geothlypis trichas trichas, Thryotho- 
rus ludovidanus ludovidanus, Hylodchla mustelim, and Cardinal M 
cQrcUnaUs cardinalis. 

The latest record of a young bird is August 31, 1923, when one 
was being fed by a cardinal. Young were being fed by a Carolina 
wren on June 17, 1923. 

During the seasons of migration this species was found mixed in 
the flocks of other kinds pf Icteric!® that flew over and fed in the 
fields during the day. The earliest record is April 1, 1923, and the 
last fall record is November 4, 1923, when some were seen in flocks 
of grackles. 

Xanthocephalus xanthocephalus (Bonaparte). 

Yellow-headed Blackbird. (1.) 

On May 4, 1924, a yellow-headed blackbird was seen along a 
slough near the lake on the bar, and one was in a small tree near 
Doniphan lake. There were several in the Typha in the lake on 
May 17. 

One nest of this species was found in Typha in the lake on May 
30, 1924. It was in a clump of’ stems, and was two feet above the 
water. There was no bird on the nest, which contained the shells of 
some broken eggs of this blackbird. 

Agelaius phaeniceus phaeniceus (Linnaeus). 

Red-winged Blackbird (63 ) 

Not enough specimens of this species have been collected at this 
location to determine the seasonal occurrence of each of the four 
subspecies that are found here at some time in the year. 

In summer this bird was common in suitable parts of the area, 
and in the migration seasons it was very common in flocks. Part 
of the time m the winter one or more subspecies were common. 

In summer this bird was found in colonies around the lake, in 
the willows near the mouth of the creek, and at the marshy places 
below springs on the bar. At other times it was more general in its 
distribution, being found in trees along the bluff, on the bar, or in 
yards, and sometimes on telephone wires along roads. Once a 
flock was resting on piles of drift that were on the bar. On March 
30, 1923, one was feeding on the ground in a burned-over clover field. 
On February 3, 1924, about four hundred came to a weed patch 
near the creek on the bar. They came in flocks of about fifty, and 
4he flocks arrived from a few seconds to several minutes apart All 
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settled together. After a few minutes they flew to the tops of cotton- 
wood trees pear by, and then left in small flocks which flew toward 
the east. Nearly all were females. On March 29, 1924, some large 
flocks were seen feeding on the ground and in cornfields on the bar. 

In the evening of March 1, 1924, some birds of this species were 
going to roost in the Typha in the lake. Small flocks kept moving 
from one part of the lake to another until it was too dark for them 
to be seen across the lake. Some stopped in the Typha in the even- 
ing of September 22, 1923. A few were seen to stop in patches of 
Nelunibo in the lake. 

This blackbird was rather closely restricted to the immediate 
vicinity of its nesting ground in the summer. Few were seen away 
from there. 

On May 29, 1924, three nests with four eggs each, one nest with 
three eggs, and several unfinished nests, were found in the Typha 
growing out of the water south of the lake. The nests were from two 
to three feet from the ground. Near all of them adults were calling, 
but only one female was seen on a nest. On May 30 three nests 
with four eggs each, one nest with three eggs, and one nest with one 
egg, were found in the Typha that was growing in the water of the 
lake. Some females were seen gathering nesting material, and 
several nests were found that were just started, as well as several 
that were nearly finished. Those nests that were nearly finished 
were wet. Several of the nests were within sight of others and two 
' were within twelve feet of one another. The nests were from six 
inches to two and one-half feet above the water. Adults came near 
and called when the nests were approched, but they were not very 
noisy. 

A nest was found on June 5, 1923, which was five and one-half 
feet from the ground, in a willow ten feet high that was growing one 
hundred yards from the bluff on the bar. A female was Sitting on 
four eggs. Another nest with four eggs was found in a willow near 
the mouth of the creek. It was six feet from the ground. 

A nest was found two feet from the ground in Typha in a marshy 
place on the bar on June 9, 1922. A female was brooding. 

On June 12, 1922, a nest was found with five young that was four 
feet from the water in a willow at the edge of the lake. A nest 
containing three eggs was found in Typha at the lake on June 14, 
1922. 

On June 27, 1923, a female was seen at the edge of the lake 
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carrying a straw, and another was seen carrying an excreta sac 
which it dropped while flying. 

The earliest date on which flocks of this bird were seen in the 
summer is July 17, 1923. In the early spring it was found in flocks 
as late as April 22, 1924. During the seasons of migration it often 
joined with other members of its family, especially with the bronzed 
grackle, in large flocks, which fed over the country together in the 
daytime and went to roost together in the evening. In the fall these 
flocks were often seen flying east down the creek valley just before 
dark. Several small flocks sought protection from cold in thickets 
of willows on the bar on March 4, 1923. 

After the nesting season these birds were moulting, and they were 
not often seen, except singly, until about the middle of September. 
On September 5, 1923, most of those that were seen flying across the 
lake were tailless. 

( 

Sturnella magna magna (Linnaeus). 

Meadow Lark. (4 5 ) 

Since within this area there was an almost total lack of conditions 
that resembled prairie, there were few meadow larks. Most of those 
that were seen were in the upland fields and pastures. Some were 
seen along the roads within the area. 

On October 7, 1922, one was flushed on the flat and nearly bare 
ground on the south side of the lake. Another was found in almost 
the same location on November 18, 1923. Although the bird was 
silent, and thus could not be identified by its notes, it is believed, 
on account of its light color, to have been Sturnella neglecta. 

A meadow lark was carrying nesting material in a small blue- 
grass pasture near the north edge of the area on June 20, 1922. 

Icterus spurius (Linnaeus). 

Orchard Onole. (30 5 ) 

A few individuals of this bird were seen almost daily during the 
entire summer season. It was found in the trees along the bluff, 
along the creek, on the bar, and in yards around the houses. During 
the early fall migrations it was found feeding with small transients 
in the weed patches along the creek. Two young to ales perched in 
the tops of clumps of Typha in the south part of the lake on June 
27, 1923. They sang, and after a few seconds, flew on toward the 
river. Birds of this species often chose a perch near the top of a 
tree from which to sing. 
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A pair was seen feeding a young bird just out of the nest in the 
E. V. Roundy yard on June 19, 1922. On July 3, 1923, one carried 
a straw to a nest in the top of a cottonwood near the creek at the 
edge of the bar. A pair was seen mating in the top of a medium- 
sized tree in the E. V. Roundy yard on June 4. A nest was found 
thirteen feet from the ground in the top of a willow on the south 
side of Doniphan lake on June 7, 1923. A female flew off the nest. 
After five minutes the male came and perched in a near-by tree. 
On June 26, 1923, a female brought straw and wove it into the 
beginning of a nest at the end of a hackberry in the E. V. Roundy 
yard. This nest was fifteen feet from the ground. 

Young birds were seen leaving a nest on July 16, 1923. 

A small flock was feeding in weeds along the creek on September 
13, 1923. 

The first arrival in the spring was noted on May 6, 1923. In the 
fall none was seen after September 15, 1923. 

Icterus galbula (Linnseus). 

Baltimore Oriole. (52.) 

The Baltimore oriole was found daily in the summer, and usually 
several were seen each day. It was most common in the large trees 
around the farm buildings, but it was also found along the bluff and 
in the trees on the bar. In the fall it sometimes fed in weed patches 
along the creek. 

A female was working on a nest ten feet from the ground in the 
end of a drooping branch of a maple in a yard on June 4, 1923. A 
male was singing near by. An incomplete nest was found in the top 
of a willow tree on the bar on June 6, 1922. A pair of orioles chased 
a blue jay away from the vicinity, after w r hich the male sang from 
a near-by tree. 

A male was feeding young in a nest at the end of a drooping limb 
of a large elm in a yard on June 14, 1922. On June 17, 1922, a 
nest with young was found thirty-five feet from the ground in the 
top of an oak tree in the timber on the side of a hill north of the 
lake. Both adults brought food to the young, which called loudly. 
A nest with young birds was found in a yard on June 26, 1922. It 
was twelve feet from the ground. Young birds were found in nests 
as late as July 18, 1923. 

Several birds of this species, that were seen together in an oak 
tree on the bluff on June 29, 1923, may have been the young of a 
single family. Small flocks were seen in the tops of trees along the 
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bluff, and with other transients, on May 10, 1923, and May 12, 1923. 
They stayed in compact flocks. In the fall this speck* was often a 
conspicuous part of the feeding and migrating flocks of small birds. 
On August 27, 1923, this bird was the most common transient in the 
flock which was feeding in the tops of the trees along the lower 
part of the bluff. These birds were calling and keeping close to- 
gether as they fed. 

May 6, 1923, is the earliest record for the spring. The latest fall 
record is September 6, 1923. In 1922 it was last seen on Septem- 
ber 2. 

Buphagus carolinus (Muller). 

Rusty Blackbird. (25 ) 

One of two rusty blackbirds in a small tree along the lower part 
of the bluff was shot on April 7, 1923. On November 4, 1923, flocks 
were seen with other blackbirds in the tops of cottonwood trees along 
the lower part of the bluff north of the l&ke. The species was seen 
on November 17 and 18, 1923. On December 1, 1922, one flew from 
the top of the E. V. Roundy bam to a com crib. 

Qwiscalus quiacda ceneus Ridgway. 

Bronzed Grackle. (195) 

In summer the bronzed grackle was infrequently seen within the 
area studied. It was abundant during the seasons of migration, and 
sometimes flocks of several thousand were seen. A few were occa- 
sionally seen in winter. 

Most of the birds of this species that were seen were flying over 
the area. Sometimes they stopped in the tops of the trees in yards 
or along the bluff. In the evening of November 3, 1923, several 
large flocks were flying south along the bluff to a place where 
they were gathering for the night. Just before dark, on October 20, 
1923, small flocks of from one hundred to two hundred birds formed 
an almost continuous line, flying over the lake from the southeast 
to the willows on the north edge of the lake. They kept moving 
back and forth, in flocks, from the edge of the water to the trees. 
The noise that the flock made could be heard plainly on the bluff 
west of the lake. Large pine trees near houses were favorite resting 
places for this bird. 

Three were feeding among leaves on the ground on the bluff near 
the lake on January 24, 1923. One of these appeared to have a 
broken wing. 
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One that was seen in the yard at 6:30 in the morning of June 13, 
1923, was eating corn at a shelter. 

The nest of this species, that was found nearest to the area, was 
twenty feet from the ground in the top of a box elder along the 
creek, near Doniphan. An adult was seen flying to the nest on June 
17, 1923. Another adult was carrying food near the same creek. 

Several good-sized flocks were seen flying down the river on 
October 28, 1922. They appeared to be following the west bank. 
Just before dark on that day a flock, stretching in a thin line from 
the west bluff out over the river as far as it could be seen with a 
four-power glass, flew down the river. It was flying at a consider- 
able height. On November 8 and 9, 1924, several flocks were seen 
flying up the creek valley in the morning and down the valley and 
east over the river in the late afternoon and evening. 

The greatest number of this species was present in the spring dur- 
ing the last of March and the first of April, and in the fall from 
early September until late in November, but small numbers were 
present throughout the year. 

Carpodacus purpureus purpureus (Gmelin). 

Purple Finch. (9J5.) 

Purple finches w r ere present in groups of two or three flocks of 
twenty or thirty. They fed in winter in the weed patches along the 
creek, on the bar, and in the trees and near the ground on the lower 
part of the bluff. Flocks were often found resting and singing in the 
willows on the bar and in the small trees on the lower part of the 
bluff. 

This bird was found from October 20, 1923, the earliest fall rec- 
ord, until May 6, 1923, the latest record for the spring. There are 
no records for December. 

Astragalinus tristis tristis (Linnaeus). 

Goldfinch. (82.) 

Goldfinches were seen almost daily. In the summer this bird was 
found in pairs and at other times of the year it was in small flocks. 
It fed at the edge of the timber, along the roads, in weeds and wil- 
lows on the bar, in timber along the creek and on the bluff, in 
patches of Typha at the lake, in fields and in yards. Weed patches 
were the favorite feeding grounds in winter. 

Individuals were several times found bathing in pools in the creek. 

No nests were located, although pairs of* this species were seen 
together throughout the summer. 

36 — 3341 
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In the fall migration these birds joined the flocks of feeding birds 
that were present on the bar and along the creek. In the spring they 
were found with transients singing and feeding in the tops of the 
trees as they were coming into leaf. 

Spinus pinu8 (Wilson). 

Pme Siskin. (8.5.) 

The pine siskin was present during the winter in flocks, which 
were usually not large. It fed with other sparrows in the weeds and 
trees on the bar, along the lower part of the bluff, and along the 
creek. Many times it was found with purple finches or other species 
of the small winter residents. 

Records of the occurrence are in the winter months between No- 
vember 3 and March 16. 

Passer domesticus (Linpaeus) . 

English Sparrow. (99.5.) 

This sparrow was conspicuous, and was seen daily because it was 
always present in the vicinity of farm buildings. In other parts of 
the habitat it was not present, throughout the year. It was most 
numerous in yards and around buildings in the summer. In the 
winter it joined the flocks of native sparrows to feed in patches of 
weeds along the creek. Compact flocks were often found in brush 
piles on the bar in the winter. Many were feeding in a millet patch 
on August 23, 1923. 

The English sparrow nested in holes and nooks about buildings 
and bridges and in holes in trees in yards. Birds were seen carry- 
ing nesting material as late as July 19, 1923. On July 4, 1923, a nest 
containing one egg was found that was built on the nest of a robin 
that was in an apple tree in an orchard. 

Passercvlus sandvnchensis savanna (Wilson). 

Savannah Sparrow. (15.) 

This bird was found only three times. One was shot in the top 
of a small tree on the lower part of the bluff on April 8, 1923. Other 
records are for birds in the willows on the bar on April 21 and 22, 
1924. 

Ammodramus savannarum australis Maynard. 

Grasshopper Sparrow. (2.) 

This sparrow was found in summer in fields on the Whittaker 
farm. One was shot in an alfalfa field on September 5, 1922. 
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Paaaerherbulus lecontei (Audubon). 

Leconte’s Sparrow. (1.5.) 

Single birds of this species were seen in the weeds at the side of 
a road on April 1 and 7, 1923. One was shot in grass in a marshy 
place on the bar north of the lake on April 17, 1923. 

Chondestes grammacus grammacus (Say). 

Lark Sparrow. (45.) 

A few single lark sparrows were found in pastures and fields and 
along roads. On June 9, 1922, an adult was brooding four young 
in a nest on the ground. This nest was in a weed patch at the top 
of a vertical bank on the Whittaker farm. 

One was seen in the brush along the creek on May 8, 1924. An- 
other was seen in a sandy field at the edge of Doniphan lake on May 
13, 1923. The only fall record is for September 3, 1922. 

Zonotrichia queruXa (Nuttall). 

Harris’ Sparrow. (145.) 

The Harris’ sparrow was found during the winter in small scat- 
tered flocks in brushy and weedy places on the bar, on the bluff, and 
along the creek. Piles of brush on the recently cleared ground on 
the bar and on the bluff were favorite places of refuge for small 
groups of these birds. On March 30, 1923, one was feeding on the 
ground in a burned-over clover field. 

* In the spring this sparrow was present between January 25 and 
May 13, 1923, and between February 7 and May 8, 1924* Fall dates 
are between October 20 and December 2, 1923, and October 28 and 
29, 1922. 

Zonotrichia leucophrys gambeli (Nuttall.) 

Qambel’s Sparrow. (5.) 

One was shot at the top of the creek bank on the bar on May 4, 

1924. Another was seen in a brush pile on the bar on March 21, 

1925. 

Zonotrichia aXbtcollia (Gmelin). 

White-throated Sparrow. (85.) 

The white-throated sparrow was usually found in small groups of 
from two to six individuals. It fed in weed patches along the lower 
part of the bluff, along the creek, and in the brushy places on the bar. 
It was sometimes found with Harris’ sparrow.^ 

The records of occurrence in the spring are* between April 8 and 



570 


The University Science Bulletin. 


May 13, 1923, and April 5 and May 3, 1924. In the fall this bird 
was found between October 6 and November 3, 1923. 

Spizella monticola monticola (Gmelin). 

Tree Sparrow. (22.) 

The tree sparrow was one of the most common winter residents of 
the area. It was found in considerable numbers daily throughout 
the winter, and it was usually present in loose flocks that were feed- 
ing. It fed among weeds on the bar and on the bluff, and in Typha 
near the lake. 

October 21, 1923, and April 14, 1923, are the earliest and latest 
dates of winter occurrence of the tree sparrow in this area. 

Spizella passerina passerina (Bechstein). 

Chipping Sparrow. (2.) 

Although one or two pairs of chipping sparrows probably nested 
within the limits of the area studied, no nests were found, and in- 
viduals were seen only four times. On April 22, 1924, a pair was 
seen in trees in a yard. One was shot in an alfalfa field on May 12, 
1923. One was singing in tile top of a tree in a yard on June 11, 
1922. Another was singing in the top of a tree in a yard on June 28, 
1922. 

Spizella pallida (Swainson). 

Clay-colored Sparrow. (.5.) 

One was shot that was singing in brush and shrubbery along a 
road on April 20, 1924. 

Spizella pusilla pusilla (Wilson). 

Field Sparrow. (34.) 

Several pairs of field sparrows nested in suitable parts of this 
area. This bird was found in brushy fields, in openings in the tim- 
ber on the bluff and on the bar, in brush at the edge of timber, and 
in clearings along the creek. It was more often heard singing than 
it was seen. It was heard singing as late as September 6, 1923. 

On June 14, 1923, a nest was found one and one-half feet from 
the ground in a clump of coral berry in the edge of a pasture on top 
of the bluff. It contained one egg. Another was found three feet 
from the ground on a horizontal limb of an oak sprout eight feet 
high on July 18, 1923. The nest was shaded and contained two eggs. 

April 7, 1923, and March 19, 1925, are the two earliest records of 
spring arrival. October 11, 1924, is the latest fall record. 
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Junco hyemalis hyemalis (Linnaeus). 

Slate-colored Junco. (30.) 

Throughout the winter this bird fed in large groups in weeds and 
brush on the bar, on the bluff, and along the creek. Although it was 
nearly always on or near the ground, it was sometimes found in the 
tops of trees. It was sometimes found in brush piles. 

In the winter j uncos were often flushed in the evening after they 
had gone to roost in small holes in banks along the roads or on the 
bluff. They seemed to prefer places that were protected from the 
wind and where there was a ground cover of loose leaves. Sometimes 
they were found at night in the tops of shocks of corn in the fields. 
On January 12, 1923, some were seen going to roost as early as 4:30 
in the afternoon. 

This species contributed the largest number of individuals to 
the large flocks of seed-eating winter resident birds. 

Juncos, before they left in the spring, were often heard singing 
from perches in trees. 

The earliest date of arrival in the fall is September 24, 1922. In 
the spring the bird was found as late as April 22, 1924. 

Melospiza melodia melodia (Wilson). 

Song Sparrow. (26.5 ) 

Several individuals of this species were seen on each day of work 
in the winter. They were found scattered singly or in small 
groups that fed near the ground on the bar and on the bluff. They 
preferred the vicinity of the lake, and were often flushed from 
thickets of Typha or from weed patches near the water. These 
growths may have been used for their protective value as hiding 
places more than for feeding. Birds that were flushed while feeding 
near by nearly always flew hurriedly to these thickets. 

Singing birds were heard in both the fall and the spring. 

October 7, 1922, is the earliest fall record, and May 12, 1923, is the 
latest record for the presence of this bird in the spring. Most of 
the song sparrows left before the middle of April in both years. 

Melospiza lincolnii lincolnii (Audubon) . 

Lincoln’s Sparrow. (13.) 

The Lincoln’s sparrow was found singly, or in small groups of two 
or three individuals, near the ground in brushy growths on the bar 
and in the timber on the bluff. It was also 4ound in the fields and 
along roads. Some were seen in the wet, grassy places on the bar 



574 


The University Science BuemhiN. 


A female was brooding on a nest in roots under an overhanging 
bank along the creek on April 20, 1924. The nest was seven feet 
above the level of the creek bed. It contained three eggB. 

On April 28, 1923, a female flew from an empty and unfinished 
nest in roots four feet below the top of another overhanging bank 
along the creek. A nest with one egg was found in a vertically 
hanging grapevine over the creek on May 8, 1924. The nest was 
seven feet above the water in the creek. 

A nest was found four feet from the ground in some brush on the 
lower part of the bluff on May 11, 1924. It contained two eggs of 
the cardinal and one of the cowbird. On the ground near by there 
was another egg of the cardinal, which was broken. A female was 
near by. 

On May 12, 1923, a nest was found in a leafless sapling on a slope 
of a ravine on the bluff. In it there were two eggs which had holes 
in their sides one-fourth inch by three-eighths inch in diameter. 
Each was about half empty. Otherwise the nest appeared to be un- 
disturbed. It was six feet from the ground. This is an example of 
the dangers which come to nests that are placed in too conspicuous 
places. On the same day a female was found sitting on a nest five 
and one-half feet from the ground in a grapevine under a leaning 
tree on the lower part of the bluff. Another female was brooding 
three eggs in a nest three feet from the ground in a small scrubby 
tree on the lower part of the bluff. 

On May 26, 1923, a female was sitting on four eggs in a nest in 
a rosebush along the bluff near the lake. The nest was five feet from 
the ground. The brooding female did not fly until she was ap- 
proached closely enough to be touched. She then called very ner- 
vously. 

A nest was found three feet from the ground in a willow near 
Doniphan lake on June 3, 1923. There was one egg in the nest, but 
no bird was in sight. 

On June 7, 1923, a brooding female flew from a nest six feet from 
the ground in the top of a fallen cottonwood, which had its leaves 
at this time. The tree was on the bar northeast of the lake. 

On June 8, 1922, a nest was found four feet from the ground in a 
clump of elder near a creek. Of the three eggs that had been in the 
nest only one was left. The others probably had been thrown out 
by cattle walking through the brush. Another bird was carrying 
straw and starting a nest three feet from the ground in an elm sprout 
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at tiie side of a road. On June 13 there was one egg in the nest. 
A female was brooding young in this nest on June 28. 

A nest was found on June 9, 1922, which was six feet from the 
ground, in a box elder on the side of a pasture ravine on the Whit- 
taker farm. It contained four eggs, one of which was a cowbird's 
egg. On the same farm a female was sitting on another nest in an 
Osage orange tree. This nest was six feet from the ground and had 
three eggs in it. 

A female was sitting on an empty nest six feet from the ground 
in a shrub covered with a grapevine that was growing on the side of 
the bluff on June 10, 1922. On June 16 there were two eggs in the 
nest. On June 10, 1923, a female was brooding two young with 
wing quills that were in a nest four feet from the ground in coral 
berry along the lower edge of the bluff. The female flew off when 
the bush was touched and called nervously from a near-by perch. 
On June 13 the wing feathers of these birds were beginning to break 
through the sheaths. 

A female was brooding on a nest seven feet from the ground in 
a grapevine that was growing on a horizontal limb of a small syca- 
more that was growing at the lower edge of the bluff. The bird left 
the nest when the vine was touched. 

On June 14, 1923, a nest was found three feet from the ground in 
a leaning dogwood on top of the bluff. The nest was made of leaves, 
grasses, stems and grapevine strippings. There were three young, 
with wing feathers showing one-fourth inch beyond their sheaths. 
They called when they were disturbed, but later became quiet. One 
of them opened its red-lined mouth. An adult male, with a cater- 
pillar in its mouth, called anxiously near by. A pair of chats came 
and called. 

A female was sitting on a nest nine feet from the ground in ivy 
that was growing on the trunk of a cottonwood at the edge of a 
clearing on the bar near the lake on June 19, 1922. 

On June 24, 1922, a female was building a nest ten feet from the 
ground in a willow which was one hundred yards from the edg$ of 
the bluff and on the bar. 

A pilot snake was taken out of a nest in a grapevine which was 
growing on a large willow along the creek on July 4, 1923. The 
nest was ten feet from the ground. Both parents called excitedly 
from near by. 

On July 6, 1923, a female was flushed from a nest eleven feet 
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from the ground in a grapevine that was growing over a mulberry 
on the lower part of the bluff near the lake. The nest was near the 
top of the tree. A male called near by. Another female was work- 
ing on a nest twelve feet from the ground on a leaning horizontal 
limb of a small tree in the bottom of a ravine north of the lake on 
July 10, 1923, one of the hottest days of the summer. A male that 
was in the same tree left with the female. Work on the nest had 
just started. 

A pair was building a nest in a drooping limb of an elm tree along 
the creek on July 13, 1923. The nest was nine feet from the ground 
and was shaded by the rest of the tree. The female gathered the 
material from the ground and from among the roots of fallen trees 
on the opposite side of the creek, and from one hundred to two 
hundred yards away, and carried it directly to the nest. On each 
trip the male followed fifteen or twenty feet behind the female and 
stopped ten or twenty feet beyond where the female stopped. The 
birds were watched between 10:30 and 11:30 in the morning. 

A pair called nervously near a nest five feet from the ground 
in a leafless willow on the bar on July 17, 1923. The nest was made 
of fine twigs and was fastened to the main trunk by small branches. 
It contained one egg. 

A nest with three eggs was found six feet from the ground in a 
hickory sprout ten feet high at the edge of the timber on top of the 
bluff on July 19, 1923. The nest was on a horizontal limb and was 
unshaded. A female was brooding three eggs. 

August 25, 1923, is the latest date on which a nest was found with 
eggs. The nest found then was five and one-half feet from the 
ground in an oak sprout at the side of the road, and it contained two 
eggs. It was unshaded. The brooding female left when approached 
to within ten feet and called nervously. 

A pair was feeding a young cowbird on the bluff on August 31, 
1923. A young cardinal, just out of a nest, was seen on September 
13, 1923. 

Cardinals were frequently found in flocks during the winter. 
These flocks were made up of birds of both sexes and were rather 
compact. They moved through the tops of the trees or fed with 
other sparrows along the creek, on the bluff, or on the bar. In 
March these flocks broke up into pairs that began to prepare for the 
coming nesting season. 
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Hedymelet ludoviciamts (Linnseus). 

Rose-breasted Grosbeak. (88.) 

The rose-breasted grosbeak was represented during the nesting 
season by only a few pairs of adults. It was found in orchards, in 
trees around farm buildings, along the bluff, and in trees along the 
creek. In the season it became more numerous, and was found with 
other transients on the bar and in other parts of the area. These 
birds usually fed in the tops of the trees, and when singing the 
males chose perches in the tops of living or dead trees. 

A nest was located seventeen feet from the ground in the top of 
an apple tree in an orchard on June 13, 1923. It was in a fork of 
an upright limb, and was made almost entirely of the tendrils of 
grape. Three young birds, several days old and covered with light 
gray down, were in the nest. A male called very nervously and 
flew about the tree when the nest was disturbed. No female was 
seen. A pair of robins seemed to be concerned about the welfare of 
the nest, for they came to the vicinity of the nest and called when 
it was disturbed. 

A dead female was hanging from the edge of a nest ten feet from 
the ground in a box elder along a creek at Doniphan on June 17, 
1923. 

First records for this species in the spring are May 5, 1923, 
and May 4, 1924. In the fall it was seen as late as September 10, 
1922, and September 15, 1923. Small groups of feeding transients 
were seen together in the fall as early as August 24, 1923, when 
they were in trees along the creek. Usually this species did not 
form compact flocks, but was scattered among the larger flocks 
of other small transients. 

Passerina cyanea (Linnaeus). 

Indigo Bunting. (65.5.) 

The indigo bunting was one of the most numerous summer 
resident birds of the area. It was uniformly distributed over the 
terrestrial part of the area, and especially chose those places where 
the covering of vegetation was composed of brushy- shrubs. It 
preferred the edges of clearings, roadsides, the weedy boundaries of 
fields, and overgrown fields of weeds and sprouts. Although usually 
near the ground, it was sometimes found in the tops of trees. 

A female was seen earrying straw in an opening in the timber 
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near the top of the bluff on June 4, 1923. Mating pairs were seen 
On June 8 and 12, 1923. 

A female was brooding three eggs and one egg of the cowbird in 
a nest which was two feet from the ground in a coral berry along 
a fence on June 13, 1923. There was a thick growth of nettles 
four feet high surrounding the nest. 

A nest with four young about half grown was found in a small 
bush along a road on the bluff on June 16, 1922. On the same day 
another nest was found in a coral berry along the same road. It 
was one foot from the ground, and held two young about the same 
age as those in the other nest. The parents were very shy, and 
did not come near the nest for over half an hour after it was found 
except once, when the female flew over it. A loosely built nest, that 
was nearly hidden by leaves, was found five and one-half feet from 
the ground in the top of a dogwood on the, bar north of the lake on 
June 16, 1923. A female that was sitting on three eggs and one 
cowbird’s egg did not leave until she was almost touched. Both 
birds called excitedly. 

On June 19, 1922, a female was brooding three eggs and one 
cowbird’s egg in a nest nine feet from the ground in a crotch of the 
main trunk of a young cottonwood. The nest was on the bar, and 
twenty-five yards from the lower edge of the bluff. 

A female was calling near a nest one and one-half feet from the 
ground in a small elder in a sprout field on top of the bluff on 
June 26, 1923. In the nest were four young and one egg of the 
cowbird. The nest was shaded. 

A nest was found six feet from the ground in a grapevine on the 
bluff on June 28, 1923. A female that was brooding three eggs 
flew off and called when approached. 

On June 7, 1923, a nest was found three feet from the ground in 
the edge of the willows on the bar. It was in a small sycamore 
sprout, and contained two young and one young cowbird. The 
cowbird was about twice as large as the young buntings, and was 
very much more active. The nest was twisted out of shape by the 
activity of the young cowbird. 

Four nests were found in weeds on the bar on July 17, 1923. One 
was three feet from the ground at the side of a cow path through 
wild hemp about five feet high, and growing in a dense thicket. 
There were two eggs in this nest. Another was four feet from the 
ground and was fastened between two stalks of hemp. It contained 
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two eggs that were nearly white, each of which had a few spots of 
brown pigment near the larger end. The spots were small. The 
brooding female left when approached to within ten feet. The 
third nest was twenty-five yards from the second, and was four 
feet from the ground. It was fastened between three stalks of hemp. 
The female was brooding three light eggs. She left when approached 
to within five feet. The fourth nest was three feet from the ground 
in a thistle. It hung between two leaves of the plant. There were 
three small young in this nest. The female came with food after 
several minutes. Both parents called in the vicinity. 

A female was seen carrying a caterpillar in the edge of the timber 
on top of the bluff on July 19, 1923. 

A nest was found August 18, 1923, that was five feet from the 
ground in a clump of weeds near the creek on the bar. The brooding 
female would not leave the four eggs in the nest until she was almost 
touched. Then she flew near the ground and fluttered as if with 
broken wings. There were young birds in this nest on August 30. 

A nest was found four feet from the ground in sumac along a 
road on August 23, 1922. It contained four young, whose wing 
feathers had sheaths that were nearly ready to break. On August 
23, 1923, a female with some young, just able to fly, was found in 
the center of a cornfield on the bar. The parent called nervously. 
The young birds perched on the stalks of com and about half way 
to the top. 

Records of arrival in spring are May 6, 1923, and May 8, 1924. 
The latest fall records are October 8, 1922, and October 7, 1923. 

Spiza americana (Gmelin). 

Dickcissel. (36.5.) 

Several pairs of this species nested in suitable parts of the area. 
The bird was usually found in summer in weedy fields and openings 
on the bar and on the bluff. It was also found in brushy places in 
pastures, along roads, and in the border of brush at the edge of 
timber, especially on the top of the bluff. 

This bird was often heard singing at night as well as in the day- 
time. It usually sang from a low perch. 

A nest was located two feet from the ground in an elder in a 
pasture on the Whittaker farm on June 9, 1922. It contained three 
young and one egg. 

On June 12, 1923, a nest was found one foot from the ground in a 
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blackberry bush that was three feet high, and growing in the strip 
of weeds and shrubs between a wheat field and the timber on top 
of the bluff. The nest was little shaded, and contained five eggs and 
one cowbird’s egg. The female on the nest flew off when disturbed 
and called with the male for a few seconds. Then both left 

A female was brooding four eggs in a nest four feet from the 
ground and in an elder in a brushy field on top of the bluff on June 
13, 1923. The sitting bird called once or twice and left. The nest 
was partially shaded by a bush at the edge of the clump. 

On June 22, 1923, a male with a young bird just able to fly was 
seen in a thick growth of sweet clover in a hog pasture on top of 
the bluff. An adult with young was found in the tops of trees on 
the lower part of the bluff on July 9, 1923. 

On July 14, 1923, a nest was found, three and one-half feet from 
the ground, m the crotch of an elder which was growing at the side 
of a road. The bush, which was about five feet high, shaded the 
nest. There were four young with down, The parents were 
perched on a telephone wire overhead. The female brought food 
and approached the nest after about five minutes. The male was 
singing. It left its perch to fight with another male about twenty 
yards away. 

A pair was found on July 19, 1923, with young just able to fly 
They were in the weeds along the creek. A young bird flew from a 
nest three feet from the ground in a thistle near the creek on the 
bar on August 23, 1923. A young bird was killed in the weeds along 
a slough on the bar on August 31, 1922. 

April 28, 1923, is the earliest record for the arrival in the spring 
September 7, 1922, and September 13, 1923, are late dates in the 
fall 

Piranga erytkromelas (Vieillot). 

Scarlet Tanager. (6.5 ) 

A few pairs of this tanager were summer residents within the 
limits of this area. All of them were found on the bluff, and they 
spent nearly all their time in the tope of the trees there. 

Four different males were heard singing in one section of the 
bluff one-quarter of a mile long on May 6, 1924. On May 12, 1923, 
a pair was seen on the bluff. A second male approached afad was 
chased away by the first, which then returned to the female. On 
July 14, 1923, a male was singing in a tree over the road near the 
creek. Its song Was so low that it could scarcely be heard on the 
’ground directly under the tree. 
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On June 15, 1922, a nest was found twenty feet from the ground 
in a sheilbark hickory on the lower part of the bluff. The nest was 
email, and was placed on a horizontal limb one and one-half inches 
in diameter. The female was sitting very closely and did not leave 
the nest when sticks were thrown into the tree or when other noises 
were made below the tree. Finally, she was driven off by kicking 
the base of the tree. She flew a short distance to another tree and 
called nervously. 

May 6, 1923, is the earliest spring record for this bird. 

Piranga rubra rubra (Linnaeus). 

Summer Tanager. (9.5.) 

The summer tanager was represented, in summer, in this area by 
only a small number of nesting pairs. This bird was inconspicuous 
and was not frequently seen. It was found in trees in farm yards, 
along the creek, and on the bluff. 

On June 16, 1922, a pair was seen four or five times flying about in 
a yard, and especially in a box elder in which there was a nest of a 
pair of blue jays. On June 18 the female was seen carrying ma- 
terial to this tree, where she was building a nest on a horizontal 
limb ten feet from the ground. She kept calling all day. The male 
was not seen. The female was working on the nest on June 19. On 
June 21 and 22 she was heard calling in the yard, but was not seen 
near the nest. The female was sitting on the nest most of the day 
on June 23, when both adults were near the nest. Once the male 
was seen giving the female food about ten feet away from the nest. 
On June 26 there were three eggs in the nest. 

A nest was found on a horizontal limb in the top of an oak tree 
on the bluff west of the lake on June 21, 1923. When the tree was 
hit the female flew off the nest and to a near-by tree, where she 
called for several minutes. 

On July 15, 1923, a nest was found fourteen feet from the ground 
in the end of an oak limb along a road near the creek. The nest 
was one and one-half feet from the end of the limb and twenty 
feet from the main trunk. The brooding female flew off the nest 
when the limb was hit with a stick, but she stayed in the vicinity 
and called. The nest was less than half way to the top of the tree. 

The earliest record of arrival is April 28, 1928. 
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Progne subis subis (Linnaeus) . 

Purple Martin. (30.) 

A few migrating martins were seen in the spring of each year. In 
the early summer a few stragglers were seen flying over, but they 
did not rest on the area. Later they came to the lake to feed and 
rest, so that in some days in the fall there were many thousands on 
the lake at one time. They fed on the flying insects that were found 
over the water and which they caught while on the wing. They 
were usually in flocks with other swallows. 

Although none nested within this area, martins were common 
through the summer in all the near-by towns. 

On September 23, 1922, this species was the most abundant of the 
swallows which were feeding over the lake. The birds were scattered 
and flying close to the water until six o’clock in the evening, when 
they rose and began flying in a dense flpck. The north edge of the 
flock, above the south edge of the lake, appeared to be more dense 
than any other edge. The flock was at least half a mile long, but 
not quite so wide. The birds could not be seen distinctly, and were 
estimated to be about one hundred yards above the ground. The 
flock kept moving, and the Birds continued to mill until 6:30. At 
this time they started to fly down to the cat-tails below in a com- 
pact, dense, and swiftly moving single column of birds which 
“poured” straight down to the thicket of cat-tails. After about one- 
third of the flock had gone down the downward flight was stopped 
for about one minute. Then it continued until about half the re- 
maining birds had gone down. Then the downward flight was again 
halted for about a minute, after which all the rest of the birds went 
to roost in the Typha in the same manner as the preceding ones had 
done. Firing a shotgun caused no movement or excitement among 
the birds. Walking among the roosting birds caused them to rise 
a little and to fly on ahead a few steps, but they would not leave 
By this time it was too dark to see them distinctly. 

Another peculiar flight habit of this species was noted, which 
may throw some light on the origin of this complex evening flight. 
Often, while this and other swallows were feeding near the surface 
of the water in the daytime, small hawks would fly in and attempt to 
catch one of the birds. Whenever a hawk came all the swallows 
would gather into a compact flock, which would rise and fly after the 
hawk until it retired. Then the birds would return to the lake and 
begin feeding 1 a the usual manner. The flight which takes place 
before the birds go to roost at night may haVe been used so often to 
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escape hawks that it became a habit, and is used even when thou 
is no hawk present. < 

The earliest spring record for the purple martin is April 19, 1934. 
September 23, 1922, is the latest that it was seen in the fall. 

Petrochelidon lunifrons lunifrons (Say). 

Cliff Swallow. (125.) 

This swallow was most often seen feeding, with other species of 
the family, over the water at the lake during the spring, and 
especially the fall migration seasons. It was nearly always much 
more numerous in the fall. Usually not so many of this species were 
present as of the other swallows. 

Some were flying over the river on May 10, 1924. The only other 
spring record is for May 29, 1924, when some were feeding over the 
lake. In the fall this bird was present from August 24 until Septem- 
ber 12, 1923. 

Hirundo erythrogaster Boddaert. 

Bara Swallow. (38 ) 

The bam swallow nested in bams and other buildings in the vicin- 
ity. In summer it was seen, in small groups, flying over fields and 
even over the timber, and sometimes it fed over the water of the 
lake. Its numbers on the lake increased throughout the summer 
from the middle of June until the middle of September. This bird 
rested on telephone wires along the roads, on willow snags around 
the lake, and on the stems of Nelumbo m the lake. Some were seen 
on the mud south of the lake on September 7, 1922. 

On June 9, 1922, a nest was found on the side of a stringer in a 
bam on the Whittaker farm. It contained young birds. A bird 
started to build a nest in a hog shed on the E. V. Roundy farm early 
in the morning of June 8, 1923. It carried mud from a wet place 
below a near-by spring. The nest was never completed. 

A great many bam swallows were feeding over the lake on October 
7, 1922. The flock was compact and flew against the strong north 
wind, in its feeding, until it reached the north side of the lake. Then 
the whole flock would quickly fly to the south side of the lake and 
slowly work back to the north. New individuals continued to arrive. 
Once the flock was disturbed by a hawk. 

On October 11, 1924, many small flocks were noted flying south 
over the lake. When they reached the north side’of the lake, the 
flocks came down to the surface of the water and continued their 
flight across to the south side, where they rose again and flew on to 
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the south. Some small flocks were seen dying south high over 
fields on the bluff on October 12, 1924. 

On August 30, 1923, and September 10, 1922, this was the most 
numerous swallow of those feeding over the lake. 

The first record for 1923 is April 28 ; for 1924 is April 21. In 1922 
the last fall record is October 7. In 1924 the last fall record is 
October 12. 

# 

Iridoprocne bicolor (Vieillot). 

Tree Swallow. (36.5). 

Thousands of tree swallows were sometimes present in the seasons 
of migration. Of these, a few pairs remained to nest where condi- 
tions were favorable. When feeding, this bird was usually found 
over the water of the lake. Sometimes it fed on the mud at the 
edge of the water as on September 7, 1922. A few times it was seen 
feeding over fields on top of the bluff or, over the willows on the bar. 
On June 10, 1922, one was seen flying over the creek. Flocks of this 
species rested on telephone wires along the roads and in the dead 
willows in the lake. 

This bird was found nesting in the summers of 1922, 1923 and 
1924. This is the only record of which I know of the nesting of this 
species in Kansas. 

On June 7, 1923, a nest was found in a hole in a leaning willow 
stump fifty yards from the edge of the water on the land at the 
south side of Doniphan lake. The hole was six feet from the ground. 
The nest was lined with chicken feathers. A female flew out of the 
nest to a near-by stump where a male came and they mated. 

A pair was seen mating on a dead willow on the north edge of the 
lake on May 30, 1924. 

A pair of adults was feeding young birds in a nest three feet above 
the water in a hole in a willow stump in the north part of the lake 
on June 12, 1922. On each trip the parent at the nest did not leave 
until the other one arrived. 

On June 13, 1922, another nest, with young which were being fed 
by adults, was found in another willow stump near the one found 
on June 12. Another nest was found in a hole in a stump that was 
two feet above the water. This nest was built of fine strips of bark 
covered with chicken feathers from one to four inches long. A side 
of the stump was torn away and the nest, with the five white eggs 
which it contained, was taken out. An adult returned to the stump 
and attempted to find the nest. It stayed at the stump for over half 
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an hour. Parents were still feeding young in nests in the willow 
stumps on June 16. 

The presence of water near the nest site seems to be a necessary 
condition for the nesting of this bird in this locality, since in the 
season of 1923, when the lake was nearly dry, it did not nest there, 
but nested at Doniphan lake, four miles away, where there was 
water. In the spring of 1924 there was water in the lake, and the 
tree swallow again nested there in the same stumps as in 1922. 

Small flocks that were flying south over the lake on October 11, 
1924, flew low over the water to feed. 

The earliest spring record for this species is April 5, 1924, when 
one was flying close to the water in the center of the lake. The latest 
fall record is October 21, 1923. 

Riparia riparia (Linnseus). 

Bank Swallow. (17 ) 

A small number of bank swallows was present during the summer. 
The species became much more numerous in the fall. It fed over 
the water of the lake, over the river, and over the creek. This species 
was found a few times with other swallows on telephone wires along 
the roads. 

The earliest spring record is May 10, 1924. The latest fall records 
are for September 10 of both 1922 and 1923. 

Stelgidopteryx sempemw (Audubon). 

Rough- winged Swallow (37.) 

A few individuals were seen frequently during the summer, and 
they helped make up the large flocks of migrating swallows in the 
spring and fall. This bird fed over the lake, over the river, over 
fields and pastures, over the bluff, and, especially in summer, over 
the water in the creek. 

The rough-winged swallow rested on telephone wires and fences 
along the roads, on drift in the river, and in trees and on snags at 
the edge of the lake and the creek. 

One was seen flying out of a hole in a vertical bank along the 
creek on June 15, 1922. One was hovering at the entrance of a hole 
in the bank of the creek on May 18, 1924. 

In 1923 the first was seen on April 15. The earliest spr ing record 
in 1924 is April 19. The latest fall reoond is October 20, 1923. 
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BombycUla cedrorvm Vieillot. 

Cedar Waxwing. (7.) 

The cedar waxwing was found in groups of from one or two to 
about one hundred individuals. It was usually found in the tops of 
the trees on the bluff or on the bar. 

The stomach of one that was killed on August 23, 1922, contained 
a snail and a berry of some wild fruit. Some were feeding on hack- 
berries on March 3, 1923. 

This bird was found very irregularly. It was recorded on the 
following dates: January 29, 1923; March 3 and 30, 1923; April 
29, 1923; May 6, 12 and 19, 1923; and May 8 and 12, 1924; 
June 5, 1923; August 23, 1922; September 7, 1923; and November 
30, 1923. 

Lanins ludovicianus migrans W. Palmer. 

Migrant Shrike, i (5 ) 

Migrant shrikes were not found within the area in summer, al- 
though the bird nested along the roads through the surrounding 
farm land. It was usually found in Osage orange or in other thickets 
along the roads or perched on telephone wires. A group of five or 
six was seen on the wires along a road two miles west of the area 
on July 14, 1923. 

There are only two records for the seasons of migration. On 
March 30, 1923, one was eating insects on the ground in a field that 
was being plowed and on which crows were feeding. On September 
2, 1922, one was shot in the brush on the lower part of the bluff at 
six o’clock in the morning. 

Vireosylva olivacea (Linnaeus). 

Red-eyed Vireo. (585.) 

Red-eyed vireos were evenly distributed during the summer over 
the bluff, along the creek, and on the older portions of the bar. 
This bird was usually found in the tops df the trees. It was heard 
singing throughout the summer. 

A nest was found five feet from the ground in a dogwood on the 
bar north of the lake on June 7, 1923. It was made of coarse ma- 
terial and contained three eggs and one eowbird’s egg. Two adults 
were perched near by. Another neBt was found on the same day 
seven feet from the ground in a tall maple on the bar east of the 
lake. It was hanging from a fork of a horizontal limb three-eighths 
of an inch in diameter and was made of -paper and strips of the 
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inner bark of a tree. It contained three eggs. The adult called two 
or three times from a near-by perch. On June 16 the adult stayed 
on the nest until it was almost touched. In the nest at this time 
were one young and two eggs. 

On June 28, 1923, a nest was found five and one half feet from 
the ground in the end of a branch of an oak on the bluff west of the 
lake. The brooding bird slipped off the nest quietly. In the nest 
were four eggs and one egg of the cowbird. On July 6 a young cow- 
bird was trampling two young vireos in this nest. There was an 
unhatched egg in the nest. 

An adult was feeding two young cowbirds just out of the nest on 
August 22, 1923. 

A bird was building a nest nine feet from the ground in a box 
elder on the lower part of the bluff northwest of the lake on June 
19, 1922. 

Some young birds were calling loudly in a nest fifteen feet from 
the ground in a tree along the creek on August 23, 1921. 

In the fall this bird was one of the most numerous in the flocks 
of migrating birds which fed in the brush along the lower part of 
the bluff and in the willows on the bar. Dates of first occurrence in 
the spring are May 6, 1923, and May 3, 1924. Late fall records are 
September 10, 1922, and September 14, 1923. 

Vireosylva philadelphica Cassin. 

Philadelphia Vireo. (1.) 

One was collected in the willows on the bar with other vireo and 
warbler transients on September 2, 1922. Another was shot in the 
same location on September 24, 1922. 

I know of no other records for this species in Kansas, and of no 
other fall records for it in the Kansas City region. 

Vireosylva gilva gilva (Vieillot). 

Warbling Vireo. (29.5.) 

This vireo was found in considerable numbers in both the spring 
and fall, but only a few pairs stayed through the summer. . 

In summer this bird was usually found on the bar near the lake 
or in groves of medium-sized cottonwood trees. In the summer of 
1923 a pair stayed in a group of cottonwood trees near the edge of 
the bar all summer, but their nest was- not .located. The bird was 
sometimes seen in apple trees in orchards. 
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While migrating this bird fed with other vireos and warblers on 
the bluff, along the creek, and in the weeds and trees on the bar. 

The warbling vireo was first seen in 1923 on May 5, and in 1924 
on May 3. In 1922 the last was seen on September 10, and in 1923 
on September 15. 

Lanivireo flavifrons (Vieillot). 

Yellow-throated Vireo. (3.) 

One was shot in the timber on the bluff on April 29, 1923. A pair 
was heard singing on the lower part of the bluff on May 3, 1924 
On July 14, 1923, one was singing in the tops of the trees on the 
bluff west of the north edge of the lake. One was collected on the 
bluff on August 23, 1921. Another was seen in the willows on the 
bar with other transients on September 2, 1922. 

Lanivireo solitarius solitapus (Wilson). 

Blue-headed Vireo. (4.5.) 

One was shot in a tree on the bluff on May 6, 1923. Another was 
shot that was feeding in the brush on the bluff August 29, 1922. 
Others were feeding in weeds and willows on the bar, along the 
creek, and on the bluff on September 2, 10 and 24, 1922; September 
7, 14 and 15, 1923; and October 7, 1923. Generally only one or two 
were found together and they were in flocks of small transients. 

Vireo grvseus griseus (Boddsert). 

White-eyed Vireo. (295 ) 

This vireo was found in the brush along the lower edge of the 
bluff, at the edge of the timber on the bluff, and in small clearings 
in the timber throughout the summer. About fifteen pairs nested 
within the area. The bird was nearly always found near the ground, 
even when singing. 

On June 12, 1922, a pair of adults was seen with food near a large 
rock at the west edge of the lake. The nest could not be found, 
although a diligent search was made. On April 8, 1923, the nest 
was found in a bush of coralberry and two feet from the ground. 

A pair with food in their mouths was calling excitedly in some 
brush in the timber about half way to the top of the bluff on June 
29, 1923. The nest was located one and one-half feet from the 
ground, in the end of a branch of an elm eight feet high. It was 
partly shaded. Bits of rotted wood were fastened to the outside of 
the nest in which there was a young cowbird whose wing feathers 
were one-fourth inch beyond their sheaths. " The adults stayed near 
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the nest and called and sang, sometimes on limbs as high as twenty 
.feet. On July 6 adults were feeding a young cowbird on the bluff 
one hundred yards west of this nest. The nest was empty. On the 
outside it measured three and one-half inches deep and two and 
one-quarter inches wide. Inside measurements were two and one- 
half inches deep and one and three-fourths inches wide. It was 
lined with fine grasses. 

In the fall and in the spring this bird fed with other small tran- 
sients in the willows on the bar and in the brush on the bluff. 

The earliest spring record is May 6, 1923, and the latest fall record 
is September 13, 1923. 

Vireo bellii bellii Audubon. 

Bell’s Vireo. (45.) 

The Bell’s vireo is a very characteristic bird of the growths of wil- 
low thickets that grow on the newly formed bars along the Mis- 
souri river. The type specimen of this species was collected in the 
bottom lands across the Missouri from where this work was done. 
(Harris 1919, p. 313.) 

In summer this vireo was found in willows on the bar, along fences 
of Osage orange, in the farm land, and in the fields of sprouts on 
top of the bluff. During the migrations it joined other small tran- 
sients that fed on the bar and the lower part of the bluff. 

On June 5, 1923, a nest was found five feet from the ground in a 
small cottonwood east of the mouth of the creek on the bar. It was 
made of coarse material and held four eggs. The brooding bird 
flew off the nest when disturbed and began singing in the tree in 
which the nest was located. 

A nest was found two and one-half feet from the ground in a 
dogwood three feet high near the east edge of the willows north of 
the lake on June 7, 1923. It was made chiefly of cottony material, 
with some leaves on the outside and some fine plant material on 
the inside. The adult, which was brooding three eggs, slipped off 
the nest quietly, but returned after about two minutes and called. 
Then it sang. 

Three nests were located on June 8, 1923. One was- on a lower 
branch of a dogwood five feet high that was growing cast of the lake. 
It was three feet from the ground, and was shaded by other shrubs 
and trees. There were four eggs in the nest. The brooding bird 
left when approached to within twenty feet. Another nest was in 
the top of a slender willow five feet high, which was surrounded by 
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willows ten to twelve feet high and by some weeds. The nest was 
made of grass and leaves and was grayish in color. On the outside 
it^neasured two and three-fourths inches deep and two and one-half 
inches wide. There were four sparsely spotted eggs in the nest. No 
bird was seen on the nest, but one was calling nervously thirty feet 
away. The third nest was one hundred yards from the second one, 
and was five feet from the ground in a willow seven feet high. It 
was hanging from a fork of a branch and was reddish in color. There 
were three eggs in the nest, but no bird was seen near. 

On June 9, 1922, an empty nest was found five feet from the 
ground in the end of a branch of Osage orange along a lane on the 
Whittaker farm. No birds were seen. An adult was brooding three 
eggs in this nest on June 17. The bird left when the nest was ap- 
proached to within two feet. 

A nest was found one and one-half inches from the main trunk of 
a willow and four and one-half feet from f the ground on June 10, 
1923. The tree was ten feet high and was growing on a line between 
the willows and the Typha on the south side of the lake. There 
were three eggs m the nest. A bird was singing near by, but none 
was on the nest. Another bird Was seen building a nest, two and 
one-half feet from the ground, in a small brushy willow. This was 
at a point fifty yards from the edge of the willows southeast of the 
lake. 

The earliest spring record is May 3, 1924. The last record for 
1922 is September 5 ; the last 1923 record is September 6. 

Mniotilta varia (Linnaeus). 

Black-and-white Warbler (12) 

The black-and-white warbler was usually found in small groups 
of two or three, which fed on the main trunks and branches of trees 
on the bluff and about ten feet from the ground in the willows on 
the bar. 

Only two birds were seen in the summer months. A male was 
feeding on the trunks of trees in a ravine on the bluff on June 10, 
1922. Another bird was seen flying through some oak timber north 
of the lake on June 17, 1922. 

In the spring transients were present between April 28, 1928, and 
May 20, 1923. Migrants were more numerous in the fall, and were 
found through a longer period of time. They were seen almost 
daily with other fall transients. The records are between August 
2?, 1921 and 1922, and September 15, 1923. 
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Protonotaria citrea (Boddaert). 

Prothoootary Warbler. (16.) 

A small colony of less than a dozen pairs of this warbler nested 
in holes in willow snags on the north side of (he lake each summer. 
During the nesting season these birds were rarely found in any 
other part of the area. Here they flew back and forth from stump 
to stump singing, feeding, and carrying on other activities of their 
daily life. 

On June 12, 1923, a nest was found four feet from the ground in 
a willow stump five feet high, at the edge of an open place on the 
northeast side of the lake. The nest was made of grasses and was 
built up to within a few inches of the opening. The female, that 
was brooding four eggs, flew off the nest and sang. A male was 
singing near by. The opening of the nest hole was irregular and 
was large. It was two and one-half inches wide and six inches high 
in its greatest dimensions. The stump was at the edge of the lake 
bed, but there was no water in sight. 

Another nest was found one hundred yards away in a hole six 
feet from the ground in a stump eight feet high. The opening was 
two inches in diameter, and the nest was three and one-half inches 
below the lower edge of the opening. The nest contained eggs, but 
the number could not be determined. A female that was on the nest 
flew off when the stump was hit with a stick and attempted the 
broken wing ruse until she was about thirty feet away, when she 
flew and began calling more excitedly than had the bird at the last 
nest. There was grass and Polygonum growing around the stump, 
but there was no water within sight. 

A third nest was five and one-half feet from the ground in a 
nearly dead willow stump seven feet high that stood north of the 
lake. The opening of the nest hole was one and one-half inches 
in diameter. The next was three and one-half inches below the 
opening, and it contained at least four eggs. There was a dense 
growth of Polygonum three feet high around the stump. The brood'- 
ing female flew off the nest and attempted the broken wing ruse.' 
Both parents called excitedly. There was a chickadee’s nest in a 
similar stump fifteen feet away. 

In 1922 there was standing water around the stumps in which the 
nests were found in 1923. The number of nesting birds appeared to 
be about the same for both seasons. On Juhe-lfi, 1922, a nest was 
found five feet above the water in a hole in a willow stump in the 
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north part of the lake. The nest was made of grass and was two 
inches below the opening. There were three eggs in the nest. Both 
the male and the female stayed near. On June 19 both parents were 
feeding young birds in this nest. 

After the end of the nesting season in June very few of these birds 
were seen until the migration started in August. A female was seen 
along the edge of the river near the mouth of the creek on June 
29, 1923. None was seen in July. In the fall migration it was found 
from August 3 until September 10 in 1922. At this time of year it 
fed with other warblers on the bluff and on the bar, but was not 
found on the nesting ground. It was also found on the bluff and on 
the bar during the spring migration. The earliest record for the 
spring is May 5, 1923. 

Helmitheros vermivorus (Gmelin). 

Worm-eating Warbler (1 )< 

One was singing in the tops of the trees in a ravine on the bluff in 
the middle of the morning of July 11, 1923. One was shot with other 
transients in the tall weeds in the edge of the willows on the bar on 
September 10, 1922. 

Vermivora pimis (Linnaeus). 

Blue-winged Warbler (2 ) 

One was singing in the tops of trees half way to the top of the 
bluff on June 16, 1923. It moved around within one hundred and 
fifty yards of where it was first heard 

One was found on the lower part of the bluff on August 18, 1923. 
Another was taken on the bluff on August 26, 1921. One was shot in 
the willows on September 4, 1922. 

Vermivora ruficapilla ruficapilla (Wilson). 

Nashville Warbler (95) 

This warbler was found during the migrations, sometimes in con- 
siderable numbers, as on September 13, 1923, when it was the most 
common small transient noted. It fed in the tops of the shrubs and 
the smaller trees on the bluff and in the trees and weeds on the bar 
and along the creek. 

Not so many were seen in the spring as in the fall. May 6 and 12, 
1923, are the only spring dates, and only one bird was seen on each 
of these. In the fall the first was found August 27, 1921; August 
24, 1922; and August 23, 1923. It was present until September 24 

i*]£22. 
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Vermivora celata celata (Say). 

Orange-crowned W&rbler. (4.5.) 

This warbler was found in the trees on the bluff on April 28, 1923; 
May 5, 6' and 12, 1923; May 10, 1924; October 6 and 7, 1923; and 
October 12, 1924. It was usually seen on the lower part of the bluff. 

Vermivora peregrina (Wilson) . 

Tennessee Warbler. (3.5.) 

The Tennessee warbler fed with other migrating warblers in weeds 
and willows on the bar and along the creek and in the trees on the 
bluff. Usually not many individuals were seen in a single day. 

Spring records are between May 6 and 19, 1923. In the fall the 
bird was found on August 31, 1923; October 8, 1922; and October 
11, 1924. 

Compsothlypis americana pusilla (Wilson). 

Northern Parula Warbler. (17.) 

A few pairs of this bird stayed all summer to nest along the lower 
portions of the bluff, where they were heard singing in the tops of 
the large and medium-sized trees. They also fed among the branches 
of these trees. On June 28, 1922, an adult male was seen feeding 
young just able to fly, in willows on the bar along the lower edge of 
the bluff and near the mouth of the creek. 

During the migrations this bird was found on the brushy, lower 
part of the bluff and on the bar with other warblers, but chiefly on 
the bluff. The earliest record for spring is April 19, 1924. The last 
one was seen, in 1923, on September 13. 

Dendroica cestiva cestiva (Gmelin). 

Yellow Warbler. (18.) 

This is another warbler that was represented in the area in sum- 
mer by only a few nesting pairs. During the nesting season it was 
restricted almost entirely to the growth of willows and cottonwoods 
on the bar. The birds fed and nested in the tops of these trees. 

On June 7, 1923, a nest was found eight feet from the ground in 
a willow on the south side of Doniphan lake. The brooding female 
returned to the nest, which held five eggs, about five minutes after 
she was flushed from it. The male stayed near by, but did not move 
very nervously. The nest was in the same tree with, and five feet 
below, a nest of the orchard oriole. 

A nest was found five feet from the ground in a crotch of a 
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willow twelve feet high on the bar southeast of the lake cm June 0, 
1938. The nest was made of closely woven grayish material. The 
outside diameter was larger at the center than at the rim. Inside, 
there were five eggs. A pair of adults was seen near, but not on the 
nest. On June 10 the female was on the nest. The male came and 
called when she was frightened off the nest. 

During the migrations this bird was found with other transients 
on the bluff and along the creek. A few were seen in trees in yards. 
The first spring record is for April 28, 1923. None was seen in the 
fall later than September 5, 1922. On August 28, 1923, one was seen, 
alone, along a fence of Osage orange six miles northwest of the area. 

Dendroica coronata (Linnaeus). 

Myrtle Warbler. (85) 

This warbler was found in small flocks in trees in yards, along the 
bluff, along the creek, and on the bar, both in the spnng and fall 
migrations. 

The records for spring are between April 21, 1924, and May 20, 
1923. Fall records are from October 20, 1923, to November 8, 1924. 

Dendroica magnolia (Wilson). 

Magnolia Warbler (1 ) 

One was shot out of a flock of migrating warblers in trees on the 
lower part of the bluff on May 19, 1923. Another was shot near 
the same location on May 20, 1923. 

Dendroica cervlea (Wilson). 

Cerulean Warbler (1 ) 

One was seen in a tree in a ravine on the bluff on June 13, 1922. 
Another was singing in the middle branches of a medium-sized tree 
along a road on the lower part of the bluff on June 26, 1922. 

Dendroica striata (J. R. Forster). 

Black-poll Warbler. (5) 

One was collected from a small flock of migrating warblers that 
was feeding in the trees in a farm yard on the evening of August 27, 
1923. 

Dendroica fusca (Muller). 

Blackburnian Warbler ( 5.) 

One was shot m a medium-sized tree on the lower part of the 
bluff on September 3, 1923. 
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Dendroica virene (Gmelin). 

Black-throated Green Warbler. (1.) 

One was taken in the top of a tree along the creek on August 28, 
1923, and another was found in a dock of migrating warblers along 
the creek on September 13, 1923. 

Dendroica vigorsi (Audubon). 

Pine Warbler. (.5.) 

One was shot out of a flock of other warblers in the top of a tree 
along the creek on September 13, 1923. 

Seiurm aurocapillus (Linnseus). 

Ovenbird. (3.) 

In the spring and fall the ovenbird was found near the ground 
on the lower part of the bluff and on the bar with small transients. 
No evidence of its nesting was found. One was singing near the 
ground on the lower part of the bluff on May 4, 1924. The only 
other spring record is for May 20, 1923. Fall dates of occurrence 
are between August 9, 1922, and September 14, 1923. On the last 
date several were seen in willows on the bar. 

Seiurus noveboracensis notabilis Ridgway. 

Grinnellfi Water Thrush. (8.5.) 

Grinnell’s water thrush was found singly at the edge of the lake, 
.along a slough on the bar, and at the edge of a pool below a spring. 
Sometimes it was found in patches of Nelumbo or of Typha girowing 
in moist or wet soil at the edge of the lake. 

On May 6, 1923, one flew into a yard from the bar and called once 
or twice. Then it flew back among the trees on the bar where it was 
lost. Spring records are between this date and May 19, 1923. One 
was seen at a spring north of the lake on May 11, 1923. Two were 
seen along the creek on May 18, 1924. 

In the fall this bird was more restricted to the vicinity of the 
lake than in the spring. Migration records are between August 21 
and September 4, 1922. 

Seiurus moticilla (Vieillot). 

Louisiana Water Thrush. (.5.) 

A pair was seen along a branch of the creek near 'the west edge 
of the area on April 20, 1924. 
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Oporomis formosus (Wilson). 

Kentucky Warhier. (27.5.) 

Kentucky warblers were rather unevenly distributed over the 
bluff and along the creek during the nesting season. They were 
found in those places where the undergrowth was dense, or where 
there was a canopy of shade overhead. These birds spent most of 
their time on the ground. Nesting pairs became very nervous when 
their territory was entered, and would often call excitedly when 
certain sections of the timber were disturbed. 

One was seen bathing in water below a spring on June 14, 1922. 
On May 6, 1923, several were flying and chasing each other on the 
side of a ravine on the bluff. Some of them sang from trees. 

On June 30, 1923, a nest was found on the ground between two 
weed stalks that were seven inches apart. It was made of sticks 
and leaves and was lined with finer material. Both parents were 
carrying food in the morning. The nest was not found until 4:30 in 
the afternoon. The brooding female ran out on the ground, with 
drooping wings, when she was approached to within two feet. She 
ran about ten feet and then flew. , During the hour and a half that 
the search for the nest was made, the male stayed within twenty 
yards of the nest and called excitedly. Once he brought food but 
ate it himself. He stayed in the trees, and twenty or more feet from 
the ground. The male was chased away from one small tree several 
times by a brooding female humming bird which had a nest there. 
These .birds used two call notes, one of which was much more harsh 
than the other. In the nest were two young with their wing feathers 
still in the sheaths. The yellow color below showed plainly. On 
July 2 the nest and young birds were gone and one of the support- 
ing weeds was broken. The parents were still in the vicinity, but 
they were not nearly so nervous as they had been two days pre- 
viously. 

In the spring and the fall this warbler joined other members of 
the family in migrating flocks that moved and fed over the bluff, 
along the creek, and on the bar. 

The first spring record is for April 29, 1923. In the fall this 
species was found as late as September 14, 1923. 

Oporomis Philadelphia (Wilson). 

Mourning Warbler. (8.) 

During the years when this study was made the. mourning warbler 
w6s much more common at this point on the Missouri river than it 
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has been found to be by observers in other parts of the valley in 
other years. Because of its reported scarcity in other parts of the 
valley all the records for this area are given here. 

On May 19, 1923, at least twenty-five, most of them males, were 
seen near the ground in willows on the bar and along the lower edge 
of the bluff. On May 20, 1923, this was the most numerous of the 
migrating warblers. It was found on May 10, 17, 29 and 30, 1924. 
Fall dates are August 23 and 24, 1921; August 29 and 31, 1922; 
September 2, 4, 7 and 10. 1922; and September 13 and 14, 1923. 
The bird which was taken on August 29, 1922, was bathing at a 
spring on the lower part of the bluff. Others were found near the 
ground on the bar and on the bluff. 

Geothlypis trichas trichas (Linnaeus). 

Maryland Yellowthroat. (23.) 

A few pairs of this yellowthroat nested on the ground studied. 
They were found in weedy and grassy growths near water on the 
bar and along the creek. One was found at the edge of the timber 
on top of the bluff on July 6, 1923. 

On June 7, 1923, a nest was found in sedges north of the lake. It 
was built on dead plants six inches from the ground and was partly 
shaded. The top was open. The female, which was brooding five 
eggs, flew silently away when she was flushed. 

Another nest was found in sedges on the bar north of the lake on 
'June 12, 1923. This nest was one foot from the ground. It con- 
tained three young with feathers, one unhatched egg, and one cow- 
bird’s egg. Both parents were seen near by with food, but they 
would not go near the nest for about half an hour. The female 
stayed about twice as far away from the nest as the male, and both 
called excitedly. The young were not out of the nest on June 16. 
The cowbird’s egg was still in the nest and the male was calling 
near by. 

On June 12, 1923, a nest was found in grass growing two and one- 
half feet high northeast of the lake where there was a scattered 
growth of Typha. The ground had been burned over during the 
preceding winter. The female was brooding five eggs. She did not 
flush from the nest until she was almost touched. 

In the migration season this species joined other warblers on the 
bar and on the bluff, but it was nearly always found near the ground. 
The earliest spring record is May 3, 1924. September 14, 1923, is 
the latest fall record. 
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Icteria virens virens (Linnaeus). 

Yellow-breasted Chat. (84.) 

Chats were found daily throughout the summer. They were found 
wherever there were thick tangles of undergrowth in the timber on 
the bluff, on the bar, in pastures, in cleared land, and in timber along 
the creek. Usually they kept near the ground and were hard to lo- 
cate except by their call. 

Several times in the summer this bird was found bathing at a 
spring or in water below the spring. On May 12, 1928, one sang as 
it flew from the bar to the bluff and accompanied the song by a 
peculiar jerking of the tail. 

A nest was found on June 5, 1923, that was two and one-half feet 
from the ground in a willow about four feet high on the south side of 
the lake. One bird was sitting on three eggs in the nest and another 
was perched in the top of a small tree ten yards away. 

On June 8, 1923, a nest was found two and one-half feet from 
the ground in a fork of a willow five feet high that was south of the 
lake. The nest was made of grass and was nearly as coarse as the 
usual red-winged blackbird’s nest. It was about four inches in out- 
side diameter. There were three eggs. The brooding bird did not 
leave the nest until it was approached to within five feet. 

In a clearing on the bar north of the lake a nest was found two 
and one-half feet from the ground in a rosebush on June 12, 1923. 
This clearing had grown up in Equisetvm which was three feet high. 
The nest was partially shaded by the rosebush, but not by trees. 
There were four young in the nest, the largest of which had a V- 
shaped patch of down which ran from the top of the wings. The 
brooding adult flew off the nest when approached to within thirty 
feet and called in the vicinity. 

On June 12, 1923, a nest was found two and one-half feet from 
the ground in a clump of coralberry. This was in an opening on 
the bluff. No bird was seen, but there was one egg in the nest end 
one cowbird’s egg. There were no more eggs on June 13. On June 
18 there were three chat’s eggs and one cowbird’s egg, and an adult, 
which left when approached to within three feet, was sitting on them. 
There were young birds in the nest on June 28. Neither parent was 
seen near the nest when it was visited on July 2. One of the 
young birds opened its mouth for food. The nest was empty on 
July 10. 

On June 13, 1923, a nest was found three and one-half feet from 
the ground in a dogwood which was growing in an unplowed field on 
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top of the bluff. In the nest were three newly hatched young and 
one egg. Neither parent was seen. 

A nest was found with four eggs on June 16, 1923, that was five 
and one-half feet from the ground, in the top of a small grapevine 
which grew on the side of a cottonwood fifteen feet high. The tree 
was in the Eqydsetum north of the lake on the bar. The outside of 
the nest was made of leaves and coarse stems. The brooding bird 
left when approached to within eight feet, and then called from a 
distance. On the same day another nest, with four eggs, was found 
in a grapevine on a small dead willow stump on the bar north of the 
lake. The brooding bird left this nest silently and flew near the 
ground when approached to within ten feet. 

A nest was found in a field of sprouts on top of the bluff west of 
the lake on June 29, 1923. It was four feet from the ground and 
contained five eggs. Both parents came and called much like cat- 
birds. 

The latest date on which an occupied nest was found was July 19, 
1923. The nest was three feet from the ground in a thistle in a 
patch of weeds between the willows and a cornfield on the bar. It 
was partly shaded and contained four eggs. The brooding female 
left the nest when approached to within five feet. A male was sing- 
ing near by. 

A chat was seen in a hedge fence along a road near the creek on 
September 6, 1923. Two were seen in willows on the bar on Sep- 
fember 5, 1922. One was shot in some weeds along a slough on the 
bar on August 31, 1922 A female that was shot on August 27, 1921, 
had eaten a large number of pokeberries. These are the only records 
for the occurrence of this species in the fall. Very few were seen 
in July or August. 

May 6, 1923, is the earliest record for the spring. 

Wilsonia pusilla pusilla (Wilson). 

Wilson’s Warbler. (11.5.) 

Wilson’s warbler was found frequently in migrations, and was 
present in varying numbers from one or two up to about fifty in-‘ 
dividuals, which is the number found on September 6, 1922, when 
this species was the most common warbler in the area. 

It was found feeding and moving through the tops of the trees on 
the bluff, on the bar, and along the creek, usually within ten feet 
of the ground. In the spring this warbler preferred the bluff- for a 
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feeding ground, and in the fall it preferred the willows and growths 
of weeds on the bar and along the creek. 

In the spring this warbler was found between May 10* 1924, and 
May 19, 1923. The period of migration for this species extended 
over a longer period in the fall, and the birds were found from 
August 23, 1921, and August 25, 1922, until September 10, 1922* 
and September 14, 1923. 

Wilsonia canadensis (Linnaeus). 

Canada Warbler. (2.) 

A Canada warbler was seen in low bushes on the bluff north of 
the lake on May 20, 1923. 

Two were collected near a spring along the lower edge of the 
bluff on August 23, 1921. On August 24, 1921, one was taken in 
the willows on the bar. One was shot in a thick growth of willows 
on the bar on August 27, 1923. Weeds were 'thick under the trees at 
this place. 

Setophaga ruticilla (Linnaus). 

Redstart (19 ) 

Several pairs of redstarts stayed all summer along the bluff and 
on the bar, but no nests were found. They fed and sang in the tree 
tops, especially along the roads on the bluff, throughout the month 
of June. On July 6, 1923, one flew to an oak sprout in a field on 
top of the bluff. 

On August 30, 1922, one became entangled in a spider’s web in 
some bushes on the lower part of the bluff and was struggling to 
free itself, when a gun was fired near by, which caused it to put 
forth greater exertions, and by so doing to gain its freedom. 

During the season of migration this bird was found on the bluff 
and in the weeds and willows on the bar and along the creek. In the 
spring it arrived in April (April 28, 1923). It was most numerous 
from the middle of August until the middle of September. On Sep- 
tember 10, 1922, this was the most abundant transient warbler that 
was feeding on the bar. Most of the redstarts were feeding about 
fifteen feet from the ground. September 15, 1923, is the latest fall 
record for this species. 

Minus polyglottos polyglottos (Limueus). 

> Mocking Bird. (1.) 

One was seen along a road eight miles from the area on June 24, 
1922, and there is one record for the area on August 23, 1921, 
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DumeteUa oaroUnensis (Linnaeus). 

Catbird. (30.) 

The catbird was not found over the whole area in summer, but it 
was common in those portions where the amount and character of 
the cover of plants was suited to its habits. In summer this bird was 
found along the creek, in orchards, in thickets on the bar and on the 
bluff, and in fields of sprouts. It was frequently seen on or near the 
ground in farmyards. 

One was seen carrying a ripe cherry near Doniphan lake on June 

25. 1922. Another was eating a large insect in the creek bed on July 

18. 1923. 

A nest was found six feet from the ground in a small elm on the 
creek bank on June 10, 1922. The nest, which contained one egg, 
was well shaded. 

On June 7, 1923, a nest was found four feet from the ground on the 
side of a willow tree at the edge of Doniphan lake. The nest con- 
tained one egg. An adult was calling near by. 

On June 22, 1923, a nest was found three feet from the ground in 
a gooseberry bush in a small pasture near (he creek. The nest was 
empty. Remains of a young bird, with wing feathers which pro- 
jected one-half inch beyond their sheaths, lay on the ground. The 
bird had been partly eaten by some animal. 

A bird was seen carrying nesting material on June 25, 1923. Its 
nest was found on July 3. It was nine feet from the ground in the 
center of an apple tree in an orchard. An adult was brooding three 
eggs. Both birds of the pair called near by. 

In the spring and fall catbirds joined other small birds to feed on 
the bluff, on the bar, and along the creek. The first in the spring 
was seen on May 6, 1923, October 7, 1922, is the latest record in 
the fall. 

Toxostoma rufum (Linnaeus) . 

Brown Thrasher. (31.5.) 

The brown thrasher was found in thick growths of shrubbery along 
the roads, along the creek, on the bluff, and on the bar. It usually 
fed and spent most of its time in the brush near the ground, but it 
sometimes selected a perch on the highest branch of a tall tree from 
which to sing. 

On May 29, 1924, a nest was found four feet from the ground in 
a gooseberry bush in a small brushy pasture near the creek. No 
bird was seen near, but there were two eggs in the nest. 

An adult was brooding three eggs in a nest six feet from the 
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ground in a vine which was growing over a dead stump on the lower 
part of the bluff on June 13, 1923. There were young in the nest on 
June 26. One parent was on the nest and the other was near by. 
This nest was empty on July 5. Another nest was found on July 5 
that was seven and one-half feet from the ground, on a leaning trunk 
of a small dogwood fifteen yards west of the empty nest. There 
were two eggs in this nest and a pair of adults calling from near by. 

On June 20, 1922, a nest was found five feet from the ground in an 
Osage orange along a road. It contained three eggs. A pair of 
adults was near. 

A bird was brooding four eggs in a nest six feet from the ground 
in a plum thicket near Doniphan lake on June 22, 1922. It did not 
leave until the nest was touched. 

An empty nest was found four feet from the ground between two 
cottonwood trees on the bar on June 29, 1923. A pair of adults was 
seen near, one of which had a caterpillar fn its mouth. On July 4 
the nest contained one egg. An adult was brooding on July 6. 

On June 30, 1923, a nest was found five feet from the ground in 
the brushy top of a dead, fallen apple tree in a dogwood thicket at 
the edge of a small clearing on the bluff. An adult, which was brood- 
ing four eggs, did not move until the bush was touched. It then 
called from a near-by perch. 

A nest was found three feet from the ground in an oak sprout five 
feet high in a pasture on top of the bluff on July 18, 1923. A parent 
was brooding two recently hatched young and one egg. The nest 
was rather shallow. The sprout was surrounded by sprouts and 
sweet clover. 

Brown thrashers were found scattered through flocks of smaller 
transients in the fall. The earliest spring record is April 14, 1923. 
In the fall none was seen after October 7, 1922. 

Thryothorus ludovidanus ludovicianus (Latham). 

Carolina Wren. (89.) 

The Carolina wren was present throughout the year in all parts of 
the area that are timbered. It chose especially those places where 
the undergrowth was thick or where there were piles of brush, logs, 
or of some other kinds of trash. It usually fed near the ground and 
was found in pairs or singly. This bird sang throughout the winter. 

A female jr&S building a nest in a hole in a bank at the edge of a 
small opening in the timber on the bluff on April 28, 1923. She made 
about one trip a minute after material, which she got from a place 



Linsdale : Birds in ‘Eastern Kansas. 


603 


on the ground and about ten yards away. She went to the nest by 
the same route each time. The male was singing in the top of a 
small tree twenty feet away. It left when disturbed, but returned 
six minutes later. On May 12 there was one wren’s egg and one 
cowbird’s egg in the nest. An adult was brooding. 

Another nest was found in a hole in a bank on April 28, 1923. 
This one was at the side of a road near the creek, and contained 
young which the parents were feeding. The nest was empty on 
May 5. 

On May 13, 1923, a nest was found in a hole in a cut at the side 
of a road near the E. V. Roundy house. The hole was about a foot 
deep and did not run straight. An adult was sitting closely upon 
four eggs. By May 19 two of the eggs had hatched, and on May 
20 three were hatched. On April 21, 1924, an adult was flushed from 
a nest in the same hole. There were young birds in the nest on May 
3 and 8, but the nest was empty on May 17. 

A nest was found in a hollow stump nine inches high and eight 
inches in diameter on the bluff on June 21, 1922. The nest was 
roofed over and was made of moss, leaves and grass. In the nest 
were four young and one egg. The brooding bird left immediately 
when disturbed and did not return for five minutes. Then she left 
again and returned in another five minutes. No sound was made by 
the parent bird. Only one adult was seen. 

On August 28, 1923, a nest was found in a washed-out hole in a 
vertical bank of the creek. It was ten feet above the bed of the 
creek and six feet below the top of the bank. The nest contained 
partly feathered young birds. One parent brought food, called a few 
times, and left. 

Empty nests were found on tops of stumps, in bridges, and in the 
tops of sheds. One was seen feeding two young cowbirds on June 
17, 1922. Family groups were frequently seen along the bluff at 
various times during the summer. 

Troglodytes aedon parkmanii Audubon. 

Western House Wren. (49.5.) 

Several pairs of this wren spent the summer around the various 
groups of farm buildings on the area. A few were found on the bar, 
in orchards, and along the creek during the summer. The birds 
stayed close to their nesting sites. 

A pair was seen at the opening of a tin-can nest that was nailed 
to the side of a garage, on May 6, 1923. Parents were feeding young 
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birds in this nest on June 13 and 14. Two were singing in the dead 
willow stumps northeast of the lake on June 12, 1923. A partly built 
dest was found in a hole in one of the stumps. It was five and one- 
half feet from the ground. 

Adults were feeding young in the cornice of a schoolhouse on June 
14, 1923. 

On June 17, 1923, one was cleaning out material from a hole in a 
dead limb ten feet from the ground in a box elder in a yard. This 
was at 5:30 in the evening. The bird was taking out feathera and 
sticks and dropping them to the ground near the hole. Once it be- 
came entangled in a straw, but its extra exertions caused it to free 
itself. 

One flew into a hole in a partially dead apple tree that was twelve 
feet from the E. V. Roundy house and eight feet from the ground, 
on July 7, 1923. The bird would not leave the nest when the tree 
was hit. Another was singing in the same tree. 

On July 11, 1923, one was sitting on five eggs in a crevice in a 
porch. Later in the season the young birds from this nest were 
killed by a cat. 

In the fall this bird joined small transients in the weeds on the 
bar, along the creek, and on the bluff. Then it was found singly 
or in small groups and it fed near the ground. 

April 19, 1924, is the earliest record and October 11, 1924, is the 
latest record in the fall for this species. Birds that were seen in the 
fall were not plentiful and they were usually silent. 

Nannus hiemalis hdemalis (Vieillot). 

Winter Wren. (2.5.) 

One was seen in a thick growth of grass and Typha along the 
north edge of the lake in the morning of March 3, 1923. It was very 
restless and stayed near the ground. On February 5, 1924, two were 
seen along the road on the lower part of the bluff. Another was 
found in the same location on November 17, 1923. On October 24, 
1924, one was found on the lower part of the bluff north of the lake. 
It was shot, and in its stomach were found parts of seeds and small 
insects. 

Ci8tothorus stellam (Naumann). 

Short-billed Marsh Wren. (A.) 

One that WES singing was shot in the grass and weeds south of 
the willow Aftpkgs north of the lake bed on May 12, 1923. It was 
Bose to thejjfoend. 1 



Linsdaub: Sums nr Eastebn Kansas. 


605 


Telmatodytes palustris Wants Ridgway. 

Pnurie Marsh Wren. (8.) 

Several pairs of this wren spent the summer in the growth of 
Typha latifoUa that grew in and around the lake. More were found, 
in the fall than in the spring. 

On May 80, 1923, several empty nests were found in Typha in, 
the lake, and the adults were singing near by. 

On June 12, 1923, one was found in weeds along a fence north of 
the lake on the dry part of the bar. 

On August 21, 1922, an adult and young, which had no tail, were 
found in the Typha south of the lake. On August 28, 1922, a young 
bird with tail feathers about half grown was shot Bouth of the lake. 
Singing birds were seen on September 10, 1922. 

In the spring this bird was found in the marshy, wet places below 
the springs at the edge of the bar. The earliest spring record is 
April 28, 1923. None was seen in the fall after October 8, 1922. 

Certhia famUiaris americana Bonaparte. 

Brown Creeper. (11 ) 

Brown creepers were found feeding on the trunks of trees on the 
bluff, on the bar, along the creek, in orchards and in yards, through- 
out the winter. They were found singly or in small groups, which 
were usually scattered, and with larger groups of other birds that 
, moved through the timber feeding. 

On November 3, 1923, one moved over the surface of a log, a fence 
post and the trunk of a tree in turn. Some that were feeding on 
January 31 , 1924, spent about half their time on the ground. 

This species was noted in the fall on October 28, 1922; October 
21, 1923; and October 24, 1924. The latest spring record is April 
15, 1923. 

Sitta carolmemis caroUnenm Latham. 

White-breasted Nuthatch. (10 ) 

Although this bird was probably present throughout the year, it 
was most numerous during the winter months, when it was found 
in the timber along the creek and on the bar. A few were seen on 
the bar in willows. It was found singly or in small groups of less 
than four individuals, and could nearly always be located by itp call. 
Some that were found along the creek on November 17, 1923, spread 
their wings and tails and called when near each other. 
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Sitta canadensis Linnaeus. 

Red-breasted Nuthatch. (3.) 

This nuthatch was found feeding with docks of sparrows in weeds 
on the bar and along the creek and in trees along the creek in the 
winter. Usually from one to three were seen on each occasion. 

Three were seen together on November 3, 1923. Others were 
seen on January 12, 1924; February 1 and 4, 1924; March 16, 1924; 
and April 20, 1924. 

Baolophus bicolor (Linnaeus). 

Tufted Titmouse. (90.) 

The tufted titmouse was found wherever there were trees in the 
area. Pairs were evenly distributed during the nesting season. 
Several were found in nearly every day’s work. It fed among the 
branches of the trees. On April 14, 1923, qne brought a moth to a 
limb of a small tree and after holding it for a few seconds fed it to 
another adult. 

A family of young was found with their parents along the creek on 
June 15, 1922. An adult was feeding young in a hole in a natural 
cavity of a tree at the edge of the E. V. Roundy yard on May 19, 
1923. The nest was four feet from the ground. 

On June 16, 1923, a nest was found five and one-half feet from the 
ground in a hole in an oak tree on the bluff which was ten inches in 
diameter. The brooding adult did not fly out when the tree was 
pounded, but left when its mate called from near by. There were 
five eggs in the nest. The hole was six inches in diameter, and was 
filled with leaves and fur up to the lower edge of the opening. The 
opening was irregular and was ten inches high by two inches wide. 
The nest was empty on June 28. 

A nest was found in a natural cavity in a redbud near the top of 
the bluff west of the lake on June 28, 1923. The trunk of the tree 
was six inches in diameter and the hole was three inches in diameter. 
The top of the nest was seven inches below the bottom of the open- 
ing. In the nest were five young with wing quills one-eighth of an 
inch long. One of them opened its mouth for food. Both parents 
called in a near-by tree. The nest was empty on July 6. 

A pair was seen carrying nesting material on April 19, 1924. 
They were flying along the creek. 

In August and September birds of this species joined the flocks 
of small transients which fed in the timber. Flocks of variable size, 
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but not large, were to be found through the winter until the warm 
weather of early spring, when the pairs were again distributed 
through the timber. 

Penthestes atricapillm atricapUlus (Linnaeus). 

Chickadee. (98.5.) 

The chickadee was one of the most common birds of the area, 
being found nearly every day that records were kept. This bird was 
found over all types of the land where there was sufficient vegeta- 
tion for it. It fed in the trees and shrubs in the timber, and even in 
the brush and weeds near the ground. 

On April 14, 1923, a pair was carrying material from a hole in the 
underside of a limb in a tree on the bank of the creek. The birds 
always perched on a near-by weed before entering the hole. On 
each trip they carried the material to a different place before 
dropping it. Sometimes both birds were in the hole at the same 
time. An adult was flushed from the nest on May 12. Both birds 
called nervously. 

A chickadee made several trips to a hole in a stump on the lower 
part of the bluff on April 15, 1923. On each trip it came out and 
dropped something from its bill. Several feathers were lying 
scattered around the stump on the ground. On April 28 an adult 
could be seen on a nest in the hole, but it would not flush from the 
stump. On May 12 the adult flew off the nest when a finger was 
poked into the hole and, with its mate, called nervously. 

A pair was working at a dead stump on an elm along a road on 
May 13, 1923. They were flying alternately to a hole ten feet from 
the ground. One was heard picking at wood on the inside. After 
picking a few minutes it flew with some pieces of wood in its bill 
which it dropped from a near-by branch. This was repeated several 
times. A pair was seen carrying material to a hole in the top of a 
fence post along a road on May 19, 1923. 

A nest, with five young nearly ready to fly, was found in a hole 
five feet from the ground on June 7, 1923. It was in a willow 
stump on the bar on the north side of the lake. The nest was made 
chiefly of rabbit fur. An adult came with a caterpillar in its mouth 
and called. 

An adult was brooding at least three eggs in a nest in a dead 
willow stump on the north side of the lake on. June 8, 1923. When 
the stump was hit with a stick the bird flew off and called excitedly. 
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On June 12 the sitting bird flew off this nest when it was approached 
to within ten feet 

'A pair was seen feeding young in a nest in a hole fifteen feet 
from the ground in a dead cottonwood stump along a road on the 
bluff on June 9, 1922. 

In the fall and in the winter chickadees joined flocks of small 
birds that fed through the timber in the trees and in the weeds. 
They were nearly always a part of these flocks, and were not often 
seen, except with other birds, in those seasons. 

Penthestes atricapillus septentrionalis (Harris). 

Long-tailed Chickadee. 

Two chickadees that were collected on February 18, 1923, be- 
longed to this form. 

Regvlus satrapa satrapa Lichtenstein. 

Golden-crowned Kinglet (13 ) 

The Golden-crowned kinglet was found singly or in small groups 
on the bluff, on the bar, and along the creek during the winter. It 
fed among the branches of the’ trees and in the weeds near the 
ground. On January 31, 1924, one was feeding on the ground at 
the edge of a pool along the creek. One was feeding in bunches of 
grass along the creek on January 15, 1924. In especially stormy 
weather these birds preferred to stay in the branches of coniferous 
trees where there was more protection from the wind than in the 
bare deciduous branches 

October 20, 1923, is the earliest fall date of occurrence and April 
7, 1923, is the latest record for the spring. 

Regvlus calendula calendula (Linnaeus) . 

Ruby-crowned Kinglet (13.5 ) 

This kinglet was found in about the same types of habitat as its 
near relative, but it was present in a little greater numbers and at 
slightly different seasons. 

Although this species nests much farther north than does the 
last, it arrives at this area earlier in the fall and leaves later in the 
spring, and it was not found in this region in winter. Fall records 
are between September 14, 1923, and October 29, 1922. In the 
spring it was found from March 30, 1923, until May 12, 1923. 
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Poliopttta aerulea camdea (Linmeus). 

Blue-gray Gnat Catcher. (40.fi.) 

This bird was' found commonly in the timber on the bluff in the 
Bummer. It usually fed in the tops of the trees and the higher 
shrubs. 

On June 4, 1923, a nest was found in a walnut tree along a road 
on the bluff. Material was being added to the outside of the nest 
which had just been started on a limb twenty feet from the ground. 
Both the adults scolded vigorously when a red-eyed vireo came near, 
and they continued to do so until the vireo left. Another nest that 
was nearly finished was found two-thirds of the way to the top of 
an oak along a road on the same day. Both birds of the pair were 
calling in the tree. 

A sitting bird flew off a nest twenty-five feet from the ground in 
an elm tree along a road on June 6, 1923. 

A pair was building a nest two feet below the top of an oak tree 
twenty feet high on June 12, 1923. The tree was on the bluff. The 
nest was on top of a limb five-eighths of an inch in diameter. Both 
birds of the pair brought material and added it to the nest. Each 
stood in the center of the nest and added the new material to the out- 
side by drawing the bill upwards from the branch. The birds called 
occasionally while working on the nest. 

One was seen carrying nest material on June 14, 1922. On this 
'day one tried to chase a hawk out of a tree on the bluff. One flew 
after a blue jay on the bluff on June 26, 1923. 

During the season of migration this bird was also found along the 
creek and on the bar in the trees. The earliest spring record is 
April 19, 1924. In the fall of 1922 this bird was found as late as 
September 1, and in the fall of 1923 it was found as late as Septem- 
ber 15. 

Hylocichla musteUna (Gmelin). 

Wood Thrush (48.) 

Wood thrushes were seen daily throughout the summer, and were 
distributed over the parts of the area more suitable for nesting. 
They were usually found feeding on or near the ground in the tim- 
ber where the shade was rather dense, either on the bar, along the 
creek, or on parts of the bluff. Early morning and late evening were 
the times of day at which there was greatest song activity. They 
usually sang from low perches, but sometimes selected the tops of 
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trees, and even the tops of dead trees, where they were conspicuous 
for their evening songs. 

On June 4, 1923, a nest was found nine feet from the ground on 
a lower limb of a linden tree on the bluff. The outside of the nest 
was made chiefly of leaves. The sitting adult did not leave until 
it was touched with a stick. Another nest was found twelve feet 
from the ground in a small elm tree in a shaded ravine on the bluff. 
The bird left the nest when the tree was shaken. 

A nest was found twelve feet from the ground in a lower limb of 
a large elm tree on the lower part of the bluff on June 12, 1923. The 
brooding bird clucked as it left the nest when the limb was hit. An- 
other nest was found on the lower limb of an elm tree along the 
lower edge of the bluff on the same day. This one was twenty feet 
from the ground, and was two-thirds of the way to the top of the 
tree. The brooding bird left the nest but stayed near by and called 
from limbs that were fifteen or twenty feet from the ground. 

A bird was seen carrying food on June 16, 1923. A pair was seen 
feeding young on the lower part of the bluff on June 26, 1923. An- 
other pair was found, with young birds just out of the nest, on the 
bluff on June 29, 1923. Adults were seen feeding young cowbirds 
on June 30 and July 5, 1923. 

On July 4, 1923, a nest was being built six and one-half feet from 
the ground in a dogwood on the side of a ravine on the bluff. 

On July 14, 1923, a nest was found eight feet from the ground on 
a lower horizontal limb of an oak tree on the side of a hill and 
along a road. An adult was brooding. On July 19 the nest con- 
tained two thrush’s eggs and two cowbird’s eggs. 

An adult was flushed from a nest next to the main trunk of a 
willow and eight feet from the ground on August 2, 1922. The nest 
was fifty feet from the creek on the bar. 

An adult was brooding three eggs in a nest seven feet from the 
ground in a dogwood half way to the top of a ravine on the bluff 
on August 9, 1922. The bird left the nest reluctantly and fluttered 
near by. The nest was shaded. Another bird that was near by kept 
up a low clucking. 

During the migrations this thrush was often found singly with 
small birds that were feeding near the ground on the bar or on the 
bluff. The earliest record of occurrence is May 3, 1924. None was 
seen later than September 15, 1923. 
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Hylocichla alveus alveus (Baird). 

Gray-cheeked Thrush. (1.5.) 

Gray-oheeked thrushes were collected near the ground on the lower 
part of the bluff on May 12, 13 and 20, 1923. 

Hylocichla ustulata swaineoni (Tschudi). 

Olive-backed Thrush. (25.) 

All the records for this bird are of transients that were seen near 
the ground on the lower part of the bluff from May 6 to May 20, 
1923, and from May 3 to May 30, 1924, 

Hylocichla guttata pallasvi (Cabanis). 

Hermit Thrush. (5.) 

A hermit thrush was seen on the lower part of the bluff on April 
6, 1925. 

Plancsticus migratorius migratorius (Linnseus). 

Robin. (685.) 

Several pairs of the robin were found in summer in farm yards 
and in orchards near houses. A few were found in timber along the 
creek. Few were present during the winter, and they were usually 
in sheltered places in the timber on the bluff or along the creek. 

Some flocks were seen feeding on hackberries on February 17 and 

18. 1923. On March 30, 1923, about fifty were feeding on the ground 
in a burned-over clover field. One picked a berry from a rosebush 

'on the lower part of the bluff on March 31, 1923. One was feeding 
on the ground in a plowed field near the creek on April 14, 1923. A 
robin was feeding on the ground in a freshly cut alfalfa field on June 

5. 1923. Some were eating pokeberries on November 4, 1923, and on 
February 7, 1924, one was feeding on sumac that was growing at the 
side of a road. 

On February 17, 1923, a flock was found roosting in the tops of 
some rather exposed small trees along the edge of the bluff. Robins 
were often seen perched in the tops of tall trees. From these perches 
they called and sang. 

An adult was sitting on four eggs in a nest twelve feet from the 
ground in the center of a box-elder tree in a yard on May' 13, 1923. 
When it was disturbed the bird called loudly. Another came, and 
both appeared to be very nervous. One of the pair was standing on 
the edge of the nest on May 19. 

A robin was seen carrying straw to start a best in a maple tree in 
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a yard on June 7, 1922. The nest was nearly finished by evening. 
On Jane 8, 1923, a bird was building a nest in the top of a maple tree 
in a yard. It brought some of the material from a point at least 
one hundred and fifty yards away from the nest. 

One adult was feeding another on June 16, 1923. 

Although the species was present throughout the year, there was a 
noticeable movement of robins in the migrating seasons. They 
flocked with the small transients that fed on the bar and on the 
bluff. Flocks were frequently seen flying high down the creek val- 
ley or in some other direction in the evening of days in the winter or 
in a migration season. 

Sialia sialis sialis (Linnseus). 

Bluebird. (43.5.) 

Bluebirds were found in slimmer in orchards, in small clearings 
on the bluff, on the bar, in pastures where there were trees, and along 
roads and fences between fields. Nesting pairs were scattered, be- 
cause they required a suitable cavity in which to place their nests. 
A pair was seen in the center of a cornfield in which the corn was 
three inches high, on June 12, 1923. A large flock was found in a 
pasture on July 14, 1923. Some were feeding on the ground. Some 
were in living and dead trees, and some were perched on the tops 
of fence posts. The number of individuals present in the winter, 
when they were usually found in small groups of four or five, was 
smaller than at other seasons. 

On April 1, 1923, one brought a large insect to a female which was 
on a limb of a stump along a road. The female took the insect and 
the pair flew across the road together. A nest was built in the stump, 
but it was never used. A pair was seen at a hole in a partially 
buried tree trunk in the creek bottom on April 14, 1923. The female 
was in the hole most of the time, while the male was perched on a 
weed two feet away or at the entrance of the nest hole. Both left 
and returned to the tree several times. The male was calling. On 
April 28 the female was brooding and would not leave the nest when 
the trunk was pounded. The male was perched on top of a tree fifty 
yards away. On April 29 the female left the nest when it was ap- 
proached to within six feet. The male was seen carrying a cater- 
pillar near the nest on May 12. 

A family of young birds, just out of the neat, was found with 
adults along a slough on the bar on May 30, 1924. 

A female was sitting on five eggs in a nest in a post along a road 
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an June 17, 1922. The nest hole was six feet from the ground. An- 
other nest was found in a post near Doniphan lake on June 7, 1923. 
This one was three feet from the ground and it contained three eggs. 

A nest was found in an apple stump near a road on the lower part 
of the bluff on June 11, 1923. The nest was seven feet from 
the ground. A female flew out of the hole when the stump was hit. 
The nest was four inches below the opening. Its contents were not 
determined. On June 22 the pair was feeding young in the nest. 
Young birds were heard calling in the nest on June 28. On June 30 
the nest was empty. 

A nest was found on July 1, 1923, that was four feet from the 
ground in a fence post between a pasture along a creek and a corn- 
field. The nest was made of grasses, and was four inches below the 
opening. It contained four eggs. There was a bird near, but none 
on the nest. 

Small flocks of the size of family groups were found together from 
the time the first young left the nest in summer until they were 
separated into pairs in the following spring. 

Bebkelby, Cal, January 15, 1928 
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Fig. 1 . Map of the area studied. The 800 - foot contour lim roughly marks the divi- 
sion between the bluff and the river bottom. Beale: one inch equals one mile. 
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Reactions of the Formamidines. XII : Some Derivatives 
of Desoxybenzoin. 

F. B. DAINS and JOHN OLIN, Department of Chemistry. 

I N a previous series of papers, ( 1 ) it has been shown that one of 
the characteristic properties of compounds containing the acid 
methylene grouping was their ability to react with disubstituted 
formamidines, producing a carbon-carbon linking, and yielding an 
amino-methylene derivative, as follows: 

X X 

N CH* + RN :CH-NHR = N C :CH-NHR + RNH 2 . 

. Y Y 

Such reactions were found to occur in the case of open-chain com- 
pounds such as aceto-acetic ester, benzoyl-acetic ester, cyano-acetic 
ester, and acetyl-acetone; and also with the heterocyclic thiazoli- 
dones, pyrazolones, isoxazolones and iraidazolones. 

The following work shows that the methylene hydrogen of the 
grouping CoHs-CHa-CO- in desoxybenzoin (benzyl-phenyl ketone) 
may be replaced, with difficulty, forming reactive amino-methylene 
derivatives of the type CaHs-CO-C (CoHs) :CH-NHR. In general, 
the ease of reaction is determined by the acidity of the methylene 
grouping; thus compounds containing the complex CO-CH*-CO 
substitute the hydrogen of the -CH*-readily and smoothly. On the 
other hand, experiments with camphor have failed to yield an 
amino-methylene derivative. 

EXPERIMENTAL. 

PREPARATION OF BENZYL-PHENYL KETONE. <#.) 

Benzoin was heated with zinc dust in glacial acetic acid for 
twenty-four hours. The reaction mixture waa then poured into cold 
water and the oil which separated extracted with ether. This solu- 

( 627 ) 
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tion was then dried with calcium chloride, the ether distilled off, 
and the residue fractionated under reduced pressure. An average 
yield of sixty per cent pure desoxybenzoin, boiling at 185-190° at 
15 mm. and melting at 55° was thus obtained, a yield decidedly 
better than afforded by other methods. 

ANILIDOMETHYLENE-DESOXYBENZOIN. 

PhCOC(Ph) CHNHPh. 

A mixture of diphenyl formamidine (24 grams) and desoxyben- 
zoin (24 grams) was heated at 155° in a distilling flask under re- 
duced pressure for two hours. An oil distilled over, which proved to 
be aniline. The temperature of the bath was then raised to 190° 
for 15 minutes. The reaction mixture was then treated with dilute 
acid to remove any unchanged formamidine and then purified by 
recrystallizations from alcohol. 

Analyses: Calculated for C 21 H 17 ON; N,<4.67%. 

Found: 4.63% and 4.55%. 

The yellow compound, which melted at 93.5°, is identical with the 
one obtained by Wislicenus and Ruthmg by the action of aniline 
upon formyl dcsoxybenzoin, Pb*-CO-C(Ph) :CHOH. (3.) 

p-TOLYL-AMINO-METHYLENE-DESOXYBENZOIN. 

This compound, together with p-toluidine, was formed by heating 
under reduced pressure desoxybenzoin with di-p-tolyl formamidine. 
The monoclinic crystals from alcohol melted at 132°. 

Analyses: Calculated for CaaHwON; N, 4.47%. 

Found: 4.43% and 4.51%. 

p-METHOX Y -PHENYL- AM I N O-M ETH YLENE-DE 80 XYBEN ZOIN 
PhCOC(Ph) CH-NH-C6H4OCH3. 

Under like conditions at 165°, desoxybenzoin and di-p-anisyl 
formamidine gave a very poor yield of the above compound, cubical 
crystals from alcohol, with a melting point of 127°. 

Analyses: Calculated for C22H19O2N ; N, 4.26%. 

Found: 4.31%. 


The general reaction involved in all of the above reactions is 
as follows: 

Ph-CO-C ( j^h) )B* + RN-CH-NHR = Ph-CO-C(Ph) :CHNHR + RNH 2 . 

The yields are unsatisfactory ; the best obtained was 14% with 
di-p-tolyl fortnamidine, while the results with the di-o-tolyl and 
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di-p-ethoxyphenyl formamidines were negative. The trouble seems 
due to the difficulty of finding the optimum temperature of reaction 
in each case and the case with whifch deep-seated decomposition 
products are formed. 

REACTIONS OF THE AMINO-METHYLENE DERIVATIVES. 

(a) Acids and Alkalies . 

The p-tolyl compound was unaltered after boiling for four hours 
with 15% sulphuric acid, or for one hour with 20% sodium hydrox- 
ide solution. 

(b) Alcoholic Potash. 

When refluxed for two hours with alcoholic potassium hydroxide 
solution, the p-tolyl compound was broken down into p-toluidine 
and benzoic acid. 

(c) Acetyl Derivative. (C22HisON)COCH3. 

The p-tolyl derivative was heated for ten hours with acetic 
anhydride. The excess of anhydride was decomposed with warm 
water, and the resulting solid crystallized from hot alcohol. It 
melted at 111°. 

Analyses: Calculated for C24H21O2N; N, 3.94%. 

Found: 3.71% and 3.67%. 

Warming with dilute potassium hydroxide splits off the acetyl 
group, yielding the original paratolyl-amino-methylene-desoxyben- 
zoin. Such an acetyl compound could be either a p-tolyl acetamino 
derivative such as: 

COCH3 

PhCO-C(Ph) iCH-V 
\ 

C7H7 

Or more probably the acetate of the enol form: 

Ph-C-OCO-CHn 

Ph-C-CH :NCtH 7 

(d) Action of Bromine upon Anilido-methylene-desoxybenzoin . 

P-Brofno-phenyl*amino-fnethylene~de8oxybenzoin . * 

One mole of bromine was added to a cooled solution of anilido- 
methylene-desoxy benzoin in chloroform. One standing, a crystal- 
line yellow compound separated out which melted, with decomposi- 
tion at 144°. This, when treated with water, lost hydrobromic acid 
and gave a bromo compound which melted at 167° after recrystal- 
lization from alcohol. 



The Uimrsaam- Science Bmauefm. 


Analyses: Calculated for CsiHnONBr; N, 8.66%. 

Found: N, 8.73% and 8.86%. 

• 

' The substance when boiled with alcoholic potash gave bensoic 
acid and parabromoaniline. This fact, together with the analysis, 
shows the validity of the above formula. The probable mechanism 
of the reaction is as follows: 


PhC-OH 
PhC-CH .NC«H# 


+ Bra = 


Ph-C-OH 

Pb-i^-CH .N (Brs)-CeHo 


Cenol form) 

Ph-C-OH 

Ph-iLcH .N(HBr)CoH 4 Br 


Ph-C-OH 

1 1 + HBr. 

Ph-C-CH N-CaHtBr 


(e) Synthesis of Ring Compounds. 

1-4-6 Triphenyl Pyrazole 

It was shown in earlier papers that the grouping R-CO-CH: 
CH-NHR' will condense in the enol form with hydrazines and yield 
pyrazoles (4). This is true in the present case, since the anilido- 
methylene compound when boiled with phenyl-hydrazine in alco- 
holic solution gave the well-known 1-4-5 triphenyl pyrazole (m.p. 
212°). (5.) 

PhC-CH NPh H 2 N Ph-C-CH-N 

II + I = II I +PhNH 2 

PhC-OH H-N-Ph Ph-C N-Ph 

Analyses: Calculated for C 2 iHi«Ns; N, 9.46%. 

Found: 9.41%. 

The same pyrazole and paratoluidme were obtained when p-tolyl- 
amino<nethylene-desoxy benzoin was treated under similar condi- 
tions with phenyl hydrazine. 

4-6 Diphenyl Pyrazole. 

The p-tolyl derivative when heated with hydrazine sulphate and 
potassium carbonate in alcoholic solution combined readily to give 
p-toluidine and the 4-5 diphenyl pyrazole (m.p. 158°). 

Analyses: Calculated for CibHi 2 N 2 ; N, 12.72%. 

Found: 12.61% and 12.64%. 

Synthesu of 4-6 Diphenyl hoxazole. 

HC CPh 
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Paratolyl-amino-methylene-desoxy benzoin (ten grama) and hy- 
dxoxylamine hydrochloride (5 grams) were heated for four hours in 
a mixture of alcohol (25 cc.) and pyridine (10cc.). On pouring into 
an excess of cold dilute hydrochloric acid, an oil separated which 
soon solidified. The filtrate contained p-toluidine and the solid 
after recrystallization melted at 74.5°. 

Analyses: Calculated for CibHuON; N, 6.34%. 

Found: 6.18% and 6.44%. 

The compound when boiled for a few minutes with 15% sodium 
hydroxide was hydrolyzed into benzoic acid and small amounts of 
an oil with the odor of benzyl cyanide. The identity of the com- 
pound is proven, then, as 4-5 diphenyl isoxazole, both by it3 analy- 
ses, its decomposition products, and its analogy with the synthesis 
of other isoxazoles by Dains and Griffith. (6.) 

SUMMARY. 

(1) Certain derivatives of R-amino-methylene desoxy benzoin 
have been synthesized. 

(2) Their behavior with acids, alkalies, acetic anhydride and bro- 
mine has been studied. 

(3) They have been found to give, with phenyl hydrazine, hydra- 
zine and hydroxylamine, pyrazole and isoxazole ring compounds. 
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I. Synthesis of Thiazane Derivatives. 

II. Reactivity of Various Alkyl Bromides With 
Diphenyl Thiourea.* 

FLEMING G MOORE and F B. DAI NS, Department of Chemistry 


Part I. 

Synthesis of Thiazane Derivatives. 

T HE meta-thiazanes are six membered heterocyclic ring com- 
pounds consisting of four carbon atoms with a nitrogen and 
sulphur atom meta to each other. 

The following formula illustrates the simplest reduced meta-thia- 
zane ring and its numbering: 

1 2 S 4 6 # 

S - CH 2 - NH - CH 2 - CH 2 - CH 2 
1 ! ' 

(o) Derivatives of this type were first synthesized by F. Foer- 
ster (1) by the action of trimethylene dibromide upon tbiocarba- 
nilide, which gave 2-phenylimino-3-phenyl-l-3-thiazane. 

S-C.NCeHa-N-CeHs 
CH 2 - CH 2 - Ah 2 

(6) They have been obtained, also, by the interaction of tri- 
methylene dibromide (2) or chlorobromide (3) with thioamides. 

(c) And from gamma halogenated amines with carbon disulphide, 
alkali rhodanides, mustard oils or thioamides (4) • 

(d) The loss of water from gamma-oxy-thioureas (5) and various 
syntheses involving the loss of water froip thioderivatives (6 } 7, 8) 
has resulted in the same type of ring closure. 

— r "i -I -T— 1 — 1 - — 

* From * then* wbnutted to the graduate faculty of 'the ‘University of Kaneat m partial 
fulfillment of the lequwnente for the degree of doctor of philosophy. 

( 638 ) 
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In the chemical laboratory of the University of Kansas such 
meta-thiazanes have been prepared easily and smoothly from alpha* 
propanol-alpha-beta-diaryl thioureas, RNHCSNRCH,CH s CH s OH. 
When such compounds are heated with acids, the ring is closed, 
yielding 2-arylimino-3-aryl-m-thiazanes (0), S-C (NR) NRCH 2 CH, 
OH*. 

The present paper is a study of some interesting derivatives of 
these thiazanes which contain an hydroxyl group in position 5 and 
have the general formula: 

8 - C(NR) - N - R 

^Ha-CHaO-HCHa 

6 5 4 

EXPERIMENTAL. 

SYNTHESE OF 2-ARYL-IMINO-3-ARYL-5-HYDROXY-1, 3-THIAZANES 
FROM AMINES, EPICHLORHYDRIN AND MUSTARD OILS. 

The general reactions involved in this synthesis are as follows: 

Cohn and Friedlander (12) have shown that epichlorohydrin adds 
to primary amines with the formation of a gamma-chloro-beta-hy- 
droxy derivative of a secondary propyl-aryl-amine. 

I. RNHa + £h 2 ^CH - CH 2 C1 = RNHCHa . CH 2 OH - CHaCI. 

Aryl-isothiocyanates (11) have been found to unite with the sub- 
stituted amine, forming a thiourea. 

* n. RNHCSN (R)CHaCHOHCHaCl. 

which is too unstable to be isolated, but with loss of hydrogen chlo- 
ride goes over to the 5-hydroxy thiazane. 

In practice the following general procedure has been found advis- 
able. Alcoholic solutions of the amine and epichlorohydrin are al- 
lowed to stand in a covered beaker for twelve hours or more and the 
mustard oil dissolved in alcohol is then added. The solution on 
slow evaporation in the air gradually deposited crystals mixed with 
a semi-solid residue. This mass is extracted at water-bath tempera- 
ture with dilute hydrochloric acid (1:5), the extraction being re- 
peated with fresh acid if necessary. 

The acid solution is cooled, allowed to stand over night and fil- 
tered from the insoluble residue. 

The clear filtrate is now poured into an excess of ice-cold dilute 
ammoruqm hydroxide, and the solid thiazane, after drying, is puri- 
fied by repeated crystallizations from alcohol and from benzene. 
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The product, insoluble in acid, was found to consist of substituted 
thioureas from the mustard oil and unchanged amine and unidenti- 
fied oily residues. 

THIAZANES SYNTHESIZED. 

2-PHENYL IMINO-3-p-BROMO PHENYL-5-HYDEOXY-1, 3-THIAZANE. 

S-C:N CeH 5 -N C 0 H 4 Br 

I I 

CHa-CHOH - CH 2 

Materials Used. 

34.4 g. p-bromo aniline. 

18.5 g. epichlorohydrin. 

27 g. phenyl mustard oil. 
lOOcc. alcohol. 

* The yield of thiazane was 20 grams, which melted after recrystal- 
lization from alcohol or benzene at 177°. 

Analyses: Calculated for C 1<s H ls ON 2 SBr; N, 7.71. 

Found: N, 7.52%, 7.36. 

The hydrochloride had a melting point of 191°. 

From the acid-insoluble portion in this preparation was isolated 
4-bromo-dipheny 1-thiourea. 

2-p-TOLYL IMINO-3-BEJTA-NAPHTHYL-5-HYDROXY-1, 3-THIAZANE. 

Materials Used. 

15 g. beta-naphthyl amine. 

10 g. epichlorohydrin. 

12 g. p-tolyl isothiocyanate. 

200 cc. alcohol. 

The yield was six grams, with a melting point of 152° when crys- 
tallized from alcohol. 

Analyses: Calculated for C 21 H 20 ON 2 S; N, 8.05. 

Found: N, 8.23. 

2-p-TOLYL IMINO-3-PHENYL-5-HYDROXY-1, 3-THIAZANE. 
Materials Used. 

50 g. aniline. 

50 g. epichlorohydrin. 

80 g. p-tolyl ieothiocyanate, 

100 cc. alcohol. 

The thiazane which was obtained in 44% yield was purified from 
alcohol and had a melting point of 139°. * 

Analyses: Calculated for C 1T H 11} ON 2 S; N, 9.40. 

Found: N, 9.43, 9.21. 
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2-o-TOLYL IMINO-S-o-TOLYL-5-HYDROXY-l, 2-THIAZANE. 

Materials Used. 

107 g. o-toluidine. 

92£ g. epichlorohydrin, 

140 g. o-tolyl mustard oil. 

250 cc. alcohol. 

The thiazane from alcohol had a melting point of 13d* to 140* 
and only 22 grams of the pure base were isolated. 

Analyses: Calculated for C u H i0 ON s S; N, 8.98%. 

Found: N, 9.21%, 8.87%. 

SYNTHESES OF 2-ARYL IMINO-3-ARYL-5-HYDROXY-1, 3-THIA- 
ZANES FROM DI-8UBSTITUTED THIOUREAS AND EPICHLO- 
ROHYDRIN. 

In previous papers ( 14 ) it was shown that thiocarbanilide and 
epichlorohydrin gave the same diphenyl hydroxy thiasane that 
could be formed from aniline, epichlorohydrin and phenyl isothio- 
cyanate. Further work has indicated that the mechanism of the re- 
action between the thiourea and epichlorohydrin is as follows: 

First, a thioether is formed: . 

RNH 

I. RNHC6NHR + C1CH 2 <S°-~CH 2 = RN - 

Second, the ethylene oxide grouping can add to the RNH group, 
thus closing the ring and yielding the thiazane or the thioether can 
react with water and give an oxyurea RNHCONHR and a mer- 
captan: 

r°~i 

A + HjO = RNHCONHR + H8CH 2 CH - CH 2 or HSCHsCHOH . CHaOH 

The evidence for the above series of reactions is the fact that 
thiazanes identical with those previously obtained and oxyureas 
were isolated and positive proof of the formation of a mercaptan ob- 
tained. The observation that thioureas are disulphurized by boiling 
in aqueous solution with ethylene chlorohydrin would seem to con- 
firm the above explanation. The following case will illustrate the 
general experimental method: 

2-PHENYL IMINO-8-PHENYL-5-HYDROXY-1, 3-THIAZANE. 

Materials Used. 

BO gr. thiocarbanilide. 

26 g. epichlorohydrin. 

100 cc. alcohol. 

‘The mixture w escheated for eight hours on the water bath. The 


6-s-ch 2 £euch 2 = j 
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alcohol was then distilled off. From the residue in the flask was 
isolated diphenyl urea, m. p. 234-5* and the thiazane ( 19 ), with a 
melting point of 175*. 

Analyses: Calculated for C M H M ON,S; N, 9.86. 

Found; N, 9.82, 9.95. 

2-P-TOLYL IMINO-3-P-TOLYL-6-HYDROXY-1, 3-THIAZANE. 

Material* Used. 

30 g. di-p-tolyl thiourea. 

21 g. epichlorohydrin. 

SO cc. alcohol. 

The mixture was heated for two hours and then extracted with 
dilute hydrochloric acid to remove the base. The purified thiazane 
weighed 12 grams and melted at 142-142.5*. 

Analyses: Calculated for CjgH^OjNjS; N, 8.98. 

Found: 8.77, 8.76. 

The residue, insoluble in acid, was di-p-tolyl urea. 

2-o-TOLYL IMINO-3-0-TOLYL-6-HYDROXY-1, 3-THIAZANE. 

Material* Used. 

<50 g. di-o-tolyl thiourea. 

42 g. epichlorhydrin. 

100 cc. alcohol. 

The mixture was heated until everything went into solution. 
From the reaction product was isolated di-o-tolyl urea and the thia- 
zane, 19 gms. This, after recrystallization from alcohol, melted at 
139-140*. 

Analyses: Calculated for C lg H 20 ON s S; N, 8.98. 

Found: N, 9.21, 9.16. 

DI-m-XYLYL IMINO-3-m-XYLYI^5-HYDROXY-l, 3-THIAZANE. 

Epichlorohydrin and the di-xylyl thiourea gave the usual prod- 
ucts, di-xylyl urea and the thiazane which after purification from 
alcohol melted at 146°. 

Analyses: Calculated for Cj 0 H I4 ON*S; N, 8.24. 

Found: N, 8.24. 

REACTIONS OF THE 5-HYDROXY-THIAZANES. 

1. Oxalic Add. 

Equal amounts of dehydrated oxalic a^id and di-p-tolyl-hydroxy- 
thiazane were bested at 140* for an hour with the hope that a mole 
of water might be split off, leaving an unsaturated ring compound. 
No reaction occurred and the thiazane was recovered unchanged. 
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t. Hydrochloric Acid. 

The thiazane was unaffected on boiling for eight hours with Hy* 
drochloric acid (1:1). 

3. Methyl Iodide. 

No definite products were isolated when the diphenyl thiazane 
was allowed to stand with or heated at its boiling point with methyl 
iodide. 

4- Oxidation of the Diphe ny l- Hydroxy -Thiazane . 

The thiazane (26 g.) was dissolved in 100 cc. glacial acetic acid, 
diluted with 200 cc. water. To this a solution of potassium per- 
manganate was slowly added. The permanganate was reduced, but 
the only definite product isolated was a little unchanged thiazane. 

It was thought that the secondary alcohol group might be oxi- 
dized to a keto grouping, but instead the ring is evidently dis- 
rupted. An effort was made to synthesize such a keto compound 
S-C =(NR)-NR-CH 2 COCH 2 as follows: 

ACTION OF ALPHA, GAMMA DICHLORO ACETONE ON 
THIOCARBAN1LIDE. 

Thiocarbanilide (45 g.) and the dichloroacetone (25.4 g) were dis- 
solved in 550 cc. of dry acetone and the mixture allowed to stand in 
a stoppered flask. After four days wartlike growths of light brown 
crystals began to appear. In the course of 12 days some 50 g. of the 
salt had separated from the solution. 

STUDY OF THE HYDROCHLORIDE. 

Some of the crystalline material from the foregoing reaction was 
pulverized and kept over the week end in a desiccator containing 
H,S0 4 , connected with suction, before weighing out samples for 
analyses and study of properties. 

SOLUBILITY. 

The solubility of this material in various solvents was observed. 
With water it gave an acid solution and a curdy-white residue. 
Alcohol readily dissolved it. In chloroform it first dissolved, but 
very quickly a chalk-white precipitate formed. It was sparingly or 
slowly soluble in benzene, toluene, petroleum ether, and ether. Ace- 
tone dissolved it more readily. 

MELTING POINT OF SALT. 

^ The melting point of the material dried in the desiccator was: 
darkened, 155° ; blackened, 185° ; fused, 187°. Melting point of some 



Moons and Dains: Thiazanb Derivatives. 


639 


of the material precipitated from chloroform solution, after washing 
with chloroform and drying^ was: darkened, about 150 s ; blackened, 
about 180 s ; fused, 186-187°. A sample of the original growth of 
crystals, after washing with acetone, crystallizing from alcohol, 
again washing with acetone, gave as melting point: darkened, 160- 
170 s ; fused, 188-190.5°. Some of the material dried in the desic- 
cator, crystallized from benzene, washed with acetone, gave as melt- 
ing point: darkened, 185-190°; fused, 195-196°. 

This data on melting points, the results of solubility tests, and the 
method of formation, with the following analysis, point to these 
wartlike deposits being a hydrochloride of a base. 

AMOUNT OF HYDROGEN CHLORIDE IN THE HYDROCHLORIDE. 

Some of this hydrochloride was suspended in water and its acidity 
determined by running in a measured amount of NaOH solution and 
titrating back with H 2 S0 4 solution. With methyl red as indicator: 
found 12.22% and 11.62% HC1. With phenolphthalein as indica- 
tor: found 12.16% and 12.35% HC1. Average of all determinations 
is 12.21% HC1. 

TOTAL CHLORINE IN THE HYDROCHLORIDE. 

The amount of chlorine in the hydrochloride was determined by 
the liquid ammonia method ( 15 ). The first set of analyses gave 
23.56% and 23% and 29% of Cl. The second set of determinations 
gave 20.40% and 20.33% of Cl. It was thought that the variation 
in analyses of the two sets of samples might be due to variation in 
the period of drying. 

HYDROCHLORIDE CONTINUES TO LOSE WEIGHT ON HEATING. 

A weighing bottle filled with the hydrochloride was placed in a 
drying oven at 50-60°. At the end of 27 days the sample was still 


losing weight. 

Day of 

Weight of bottle 

Day of * 

Weight of bottle 

experiment. 

and sample, grams. 

experiment 

and sample, grams. 

1 

14.0402 

22 

12.3524 

a 

13.0975 

23 

12.3436 

7 

12.8451 

24 

12.3307 

9 

12.8251 

25 

12.3339 

10 

12.5149 

27 

42.3271 

20 

12.8784 

28 

12.3240 

21 

12.8594 




NITROGEN IN THE HYDROCHLORIDE. 

The amount of nitrogen in the hydrochlbride was determined by 
the Gunning method: found 8.17% and 8.16%. 
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STUDY OF THE BASE. 

The hydrochloride was dissolved in dilate hydrochloric acid/ fil- 
tered from a little insoluble portion and the filtrate poured into an 
ice-cold ammonium hydroxide solution. A white precipitate was 
obtained which was purified by repeated crystallisation from ben- 
zene and acetone. The resulting base contained chlorine and melted 
at 152°. 

The results of the following analyses show that the original com- 
pound contains two atoms of chlorine, one in the form of hydrogen 
chloride and the other rather loosely bound in the molecule. The 
most probable explanation is that the dichloroaeetone reacts with 
the thiocarbanilide in the enol form yielding 2-phenyl imino-3- 
phenyl-4-chloro methyl-thiazolin. 

CdHsNH HO C-CH 2 CI CeHuN — C-CHjCl 

C*HsN :i-SH + D1 CH “ Hz ° + C6 jj s> f HC * 

Analyses: Calculated for the salt C x „H ia N,SCl, HC1: 

N = 8.31 ; HC1 = 10.83 ; Cl, = 21.07. 

Found : N = 8.17 ; HC1 = 12.21 ; Cl, = 20.40 ; 

8.16. ‘ 20.33. 

Calculated for the free base: C ie H 18 N,SCl ; N = 9.32. Found: 
9.20. 

Confirmatory evidence for such a thiazol synthesis was found in 
the work of Traumann ( 16 ), who obtained 2-phenyl imino-3- 
phenyl-4-methyl thiazolin by the action of monochloroacetone upon 
thiocarbanilide. 

SUMMARY. 

1. A number of 2-aryl imino-3-aryl-5-hydroxy-l, 3-thiasanes 
have been made from aryl amines, epichlorohydrin and aryl mus- 
tard oils. 

3. It has been shown that epichlorohydrin will disulphurize thio- 
ureas, converting them into the corresponding oxygen ureas. 

4. The action of various reagents upon the hydroxy thiasane has 
been studied. 

5. Dichloroaeetone was found to give, with diphenyl thiourea, a 
thiazolin. 
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Part II. 

Reactivity of Various Alkyl Bromides with Diphenyl 

Thiourea. 

PRELIMINARY NOTICE. 

F J the hope that light might be thrown on the nature of the reac* 
tion between thiocarbanilide and dichloracetone, a study was 
made of the speed of reactivity of various alkyl bromides with thio- 
carbanilide. This was done to determine, if possible, which type of 
alkyl bromide reacted most readily with the -SH group in one of 
the tautomeric forms of diphenylthiourea. 

Earlier work (17), as well as more recent investigations in this 
laboratory (18), has shown that a characteristic reaction of sub- 
stituted thioureas is their ability to add directly alkyl halides yield- 
ing thioethers according to the type reaction. 

R NHCSNHR + RX = R NHC(8R)NR . HX 

From the hydrogen halide salts thus formed, the action of alkalies 
sets free the thiourea ethers, with the formation of an alkali halide. 
This alkali halide may be extracted from the other products with 
water. The measure of the amount of halide in the aqueouB solu- 
tion should give a measure of the amount of thiourea and alkyl 
halide which reacted. 

METHOD OF PROCEDURE. 

The reactions were allowed to take place in a three-necked flask. 
In the center neck was inserted a water condenser, in the top of 
which was inserted a small-bore tube to serve as an air condenser. 
In a second neck was inserted a short-stemmed thermometer, the 
bulb of which was always kept below the surface of any solution in 
the flask. In the third neck was inserted a 10 cc. pipette, the inner 
end dipping into any solution in the flask, the outer end being 
closed with a short rubber tube and clamp. All insertions were 
made through tight-fitting corks. 

All the reactions were carried out in acetone solution. The cal- 
culated weight of thiocarbanilide was put in the flask. About three- 
fourths of the proper amount of acetone was added. The connec- 
tions were adjusted and the flask immersed in a water bath. The 
temperature of this bath was kept at 65-70°. When the solution be- 
gan to boil, 5 cc. of the alkyl bromide in about half of the remainder 
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of the acetone was carefully poured in through the water condenser 
and washed down with the balance of the aoetone. 

The proportions of the three components of the reaction mixture 
were 2,000 g. acetone: 1 mol of thiocarbanilide: 1 mol of alkyl halide. 
In each case 5 cc. of the alkyl halide was used. The densities of the 
alkyl halides necessary for the calculations were taken from Beil- 
stein. The weight of each alkyl hadile being fixed by the product of 
its density by the volume, 5 cc., the amounts of acetone and thiocar- 
banilide were calculated to make the right proportions. 

From time to time 10 cc. portions of the boiling solution were 
drawn out and run into flasks containing 10 cc. of saturated sodium 
bicarbonate solution and 10 cc. of water. After thorough shaking, 
precipitated material was removed by filtration and washed on the 
filter until free from halides, using sufficient wash water to make 
filtrate and washings 100 cc. f 

Determinations of the halogen in these filtrates was made by the 
Volhard method. 

RESULTS. 

The net results of these reactions between alkyl bromides and 
thiocarbanilide in acetone solution are shown in the following table, 
all time being measured from the beginning of the reaction involved: 


Per tent 

Bromide Time reactid. Remark «. 

Ethyl 2 hrs. 0.62 At end of 8 hr*. 10 nun. 12.48 per cent re- 

acted; equilibrium not reached 

N-propyl 2 hrs. 12.16 At end of 2 hrs 80 nun. 12 48 per cent 

leacted; equilibrium not reached. 

Iso-propyl , * 2 hrs. 8.01 This was equilibrium; reached by end of 

10 mm. 

N-butyl 2 hrs. 6.72 At end of 8 hrs. t 7.82 per cent reacted; 

equilibrium not reached. 

Iso-butyl * 1J hrs. 6.00+ Equilibrium. 

Sec-bufyl 1 hr. 1 . 80- Equilibrium 

Ter-butyl $ hr. 68.29 Maximum per cent reacted commenced to 

decline. 


SUMMARY. 

Within the limits of this work, one may arrange these bromides as 
to relative reactivity with thiocarbanilide in acetone solution in 
this order: 

1. Ter-butyl. 

2. N-propyl. 

3. Ethyl. 

4. N-butyl. 


5- Iso-butyl. 

6. Iso-propyl. 

7. Sec-butyl. 
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